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DDC to the National Technical information Service (NTIS).
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SUMMARY 2

Objective

Thi s study was conducted as part of an overal l A ir Force effort
to reduce the cost of training maintenance personnel . The study ’s
primary objectives were: (1) to identify the present and potential
need for maintenance training simulators in support of training con-
ducted at A ir Force Technical Trai ning Centers; and (2) to assess
the usefulness of instructor surveys as a means for identi fying the
need for simulation.

Methodology

Data for the study was obtained through the use of two survey
questionnaires, supplemented by discussions wi th instructor personnel
and observation of traini ng equipment. The questionnaires were ad-
ministered to small groups of instructors and were preceded by a
briefi ng on the purpose of the project and on how various types of
training devices can be employed to support various stages of learn-
ing . The respondents were 98 Air Force senior instructors represent-
Ing 100 mai ntenance courses conducted at Technical Trai ni ng Centers
located at Chanute , Keesler, Lowry and Sheppard AFBs.1 These courses
were selected to cover a wide variety of equipment.

Questionna i re A , “Survey of Instructor/Training Personnel Opi nions
Regarding the Use of Low and Medium Cost/Fidelity Training Devices and
Simula tors” , was designed to collect i nformation about instructor
acceptance of the potential use of various training devices and media
for maintenance traini ng. Questionnaire B, “Survey of Training Equip-
ment Problem Areas and New Simu lator Requ irements for Maintenance
Courses” , was designed to: (a) Part I--identify problems with exist-
ing maintenance trainers; and (b) Part Il--identify actual equipment
trainers (AET) which might be replaced or supplemented by maintenance
simulators . For each trainer identi fied on Part II of Questionnaire B,
data were obtained regarding the unit cost of the trainer and the
number of hours it was non-available for training due to unscheduled
maintenance during a recent 12-month period .

Two of the i nstructors represented two courses each .
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Responses to Questionnaire A indicated that most instructors
would be willing to use l ower cost/fidelity training devices and
media as supplements to the use of AETs but not as replacements
for AETs. Most instructors reported that they relied heavily on
actual equipment trainers and wished to continue doing so. Most
instructors, regardless of the type of equipment covered in their
course or the level of the course, provided similar answers to most
questions contained i n Questi onnaire A. However, instructors of 5-
and 7-level courses were less inclined to favor the use of simulators.
Also, instructors of electronic courses were more apt to respond
favorably to questions about the effectiveness of simulators.

Responses to Questi onna ire B, Part I i ndi cated that most in-
structors were satisfied wi th their training equipment although
only 43 percent judged their equipme’~it to be reliable.

In response to Questi onnaire B, Part II the instructors
i dentifi ed 80 expensive AETs and provided a variety of information
about each. Those trainers were rank-ordered by the investigator
in terms of their “simulation potential” . This “potential” was
calculated by devising a ranking formula which included a variety
of factors which affect either the acquisiti on or life-cycle trainer
costs, availability of trainer for training , or trainer effective-
ness. Using this formula the authors identifi ed 36 actual equipment
trainers which appeared to be high pri ority candidates for simula-
tion. Thirty-two of these represented electronic equipment, test
benches in particular. Further analysis of the 36 high priority
simulation candidates revealed that 31 of them had been listed by
instructors known to be involved or at least quite familiar wi th on-
going simulation projects at Lowry, Kessler or Chanute AFB5.

Discussion

The usefulness of Questionnaires A and B for identifying simu-
la tion candidates is discussed . Questionnaire A and Part I of
Questionna ire B are not found to be useful . On the other hand ,
the data provided by Part II of Quest~. onnaire B is judged to serveas a useful way of rapidly identifying equipment which might be
simulated . It is pointed out that simulation experts then should
make the final determination as to what equipments to simulate based
on a detailed exami nati on of specific courses and traini ng equipments.
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The validity of the data obtained through the use of Questionnaire
B, Part II is examined and it is suggested that the data can be used to
determine the relative cost, reliability , effectiveness, etc. of train-
ers but not their absolute cost-effectiveness.

Reservations are expressed about the use of instructors for pro-
posi ng solutions to training problems. It is suggested that instructors
be used to identify training problem s, especially areas where more
effective trainers are needed ; solutions to such problems are more apt
to come from training experts who are more familiar wi th the latest
instructional techniques and options .

One section of the report is devoted to a discussion of the factors
suggested for consideration when making decisions about whether or not
to employ maintenance simulators or AETs. Twenty-three factors are
discussed under five categories--acquisiti on costs, life-cycle costs,
trainer availability , trainer effectiveness and traini ng environment.

The impact of Task Oriented Training (TOT) programs on maintenance
training is discussed . Under these programs the locus of training is
shifted from an institutional to a field setting . It is suggested that
the implementation of TOT programs will considerably reduce the need
for maintenance trai ners at Technical Training Centers but may greatly
increase requirements for and change the nature of such trainers at field
training sites .

Conclus ions and Reconinendations

It is concluded that instructor survey procedures and instruments
of the kind represented by Questionnaire B, Part II can effectively
identify courses which have expensive , problem-ridden training equip-
ment which may be candidates for simulation. The authors caution
that the final decision to substi tute simulators for AETs should be
based on an In-depth analysis of course training requirements by ex-
perts in simulation technology. It is concluded also that the 36 high
priority candidates for simulation identi fied during this study should
be analyzed in further detail to determine which ones should be con-
sidered for simulation in the near term. Study reconinendations are:
(1) to merge Parts I and II of Questionnaire B and administer the re-
vised questionnaire to selected Instructors of all TTC maintenance
courses on a bi-yearly basis; and (b) to develop procedures for con-
ducting an In-depth study of those equipments which , according to
survey data, are candidates for simulation .

iii
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I
MAINTENANCE TRAINING SI!IEJLATORS AT

AIR FORCE TECHNICAL TRAINING CENTrRS: A

PRESENT ANT) POTENTIAL USE

OBJECTIVE S

This study i nvestigated the use of various types of training
devices in equipment ma i ntenance courses conducted by the U. S.
Air Force. The primary study objective was to identi fy the present
and potential need for maintenance simulators ’ in support of resi-
dent training conducted at A i r  Force Technical Training Centers.
A second major objective was to investigate the usefulness of survey
procedures for identi fying resident training equipment (RTE) simula-
tion candidates . A third and lesser objective was to obtain opinions
about the use of low to medium cost/fidelity training devices in
pl ace of or in addition to actual equipment trainers (AET).

BACKGROUND

The Air Force and the other services make extensive use of
simulators . They are used to train individuals to perform operat-
ing procedures; to train crews to operate aircraft and ships; and
they are extensively used for pilot traini ng .

Duri ng the past 30 years a number of research projects, many
of which were supported by the Air Force, have demonstrated that
simulators can be used to teach certain maintenance skills. In
particular it has been shown conclusively that the controls and
external indicators , and the signal flow characteristi cs of elec-
tronic equipment can be simulated accurately enough so that the
resulting simulators can be used to teach operator skills and the
conceptual aspects of troubleshooting .

Duri ng the past decade, in part due to the requirements of the
space program, the capability for modularizing and miniaturizing
equipment so that it can be more easily mai ntained has become highly
developed . Recently designed equipment, especially electronic equip-
ment, is interlaced with sensors which monitor the functioning of

1For this study a definition of “s imulator ” developed by Gagne (6)
was adopted. He states that “a s imulator i s generally understood
to be a kind of training device which has a high degree of re-
semblance to operational equipment , particu 1 arly with respect to
the display , the control s , and the way one affects the other when

— in operation.”
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equipment subsections and components. These sensors are connected A

to front-panel displays ; through the manipulation of front panel
controls and the interpretation of front panel displays and indi-
cators , it is possible to isolate malfunctions to a fairly small
portion of the equipment without making i nternal checks on the equip-
ment. Even more recently, wi th the advent of built-in test equipment
(BITE) , it has become possible to use mini-computers to both check
out and to troubleshoot the BITE equipment itself, and then to test
and troubleshoot the equipment into which the BITE has been incor-
porated.

Because of the foregoing and other developments the job of a
maintenance technician has become more like that of an equipment
operator. The maintenance man , at least at the organi zational level
of maintenance , now can troubleshoot many electronic equipments through
the use of built-in test equipment and front panel controls. By
thi s means, sometimes aided by built -in computers , the technician
can i sola te a faul t to a particular “l ine replaceable unit” (LRU).
Going one step further, this replaceable unit often can be mated
to a computer-driven test set and a computer program employed to
check out and to locate faults within the LRU. The ma intenance
tasks invol ved in th is  later activity are operator-like tasks yet
they are considered to be part of the group of tasks wh ich comprise
maintenance at the intermediate level .

Because of advances in miniaturization and the development of
mini-computers it is now possible to simulate the operational and
signal characteristics of electronic equipment. Furthermore, be-
cause the job of the maintenance technician has become more like that
of an equipment operator, it is now reasonable to consider the use
of simulators for training maintenance personnel . Advocates of the
use of simulators for maintenance training always have felt that
simulators were at least as effective as actual equipment trainers
(AET), and numerous studies have demonstrated that troubleshooting
skills can be taught more effectively by the use of simulators . (5)

There is , however, another feature of simulators which currently
has caught the attention of training personnel. With some exceptions ,
simulators are less costly to design, develop and maintain than is
the equipment they represent. For example, the life cycle cost of a
simulator may be only 10-20 percent of that for its equipment counter-
part (3, 12, 13). Because of this possibility , and because of the
current emphas i s on reducing the cost of tra ining, the potential of
simulators is being widely explored.

2
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The present study is only one of a number of recent studies
supported or conducted by the Air  Force which deal wi th the potential
use of simulators. The Technical Training Division of the Air Force
Human Resources Laboratory has purchased a s imulator for the 12A6883
Converter/Flight Control Test Station for the F-h iD Aircraft, and
during CV 1978 will Investigate the effectiveness of and the cost
benefits associated with that trainer. The 6883 test set is a test
bench used to maintain certain F-h iD avionics components. During
the early months of CV 1977 the Air Training Coniiiand (ATC) asked
the Technical Training Centers to identify those actual equipment
trainers (AET) which in their judgment might be replaced by simulators .
As part of the present project, a li terature review (5) was prepared
which described the state of the art with respect to the use of —

simulators for maintenance traini ng . Currently some of the Air
Force ’s Technical Training Centers are actively explori ng the possi-
bility of developing in-house one or more maintenance training simu-
lators. And , of course, because of the current i nterest expressed
by all military services, i ndustry is actively expanding and improving
its simulation capabilities .

METHODOLOGY

Survey Questionnaires

The data for this study was collected through the use of ques-
tionnaires, discussions with instructor personnel and observation of
training equipment. Information about field training detachments
and unit training was obtained from various persons familiar with
that type of training , and from another study conducted by the Con-
tractor. That study (7) was concerned with documenting Air Force
procedures for identifying the requirements for and for procuring

F training equipment. Information about the use and potential use of
var ious types of tra ini ng dev ices at Tec hnical Tra ining Centers was
obtai ned primarily through the use of two questionnaires.

— Questionnaire A: Survey of instructor/training personnel opinions
regarding use of low and medium cost/fidelity ãTnIn~ devices and
~1mulators. This questionna ire was designed to identify present and
potential uses of various kinds of training devices and media. A
copy of the questionnaire is contained in Appendix A. The question-

— naire covered seven categories of training devices which collectively

3
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encompassed all of the various types of training dev ices used
throughout the Air Force. The categories of trainers covered were
as follows : Classroom Demonstrators; Nomenclature and Parts-
Location Trainers ; Cue Discrimination Trainers ; Part-Task Trainers ;
Troubleshooting Logic Trainers ; Job Segment Trainers and Simulators ;
and Actual Equipment Trainers (AET) and Operational Equipment.

Questionnaire A was subdivided i nto seven sections , eac h sec tion
covering a particular category of training equipment. A questionnaire
section began wi th a short review of the type of trainer covered in
that section. In some cases this review contained a brief descrip-
tion of research findings with respect to the use of the class of
trainers covered in that section.

Each section of the questionnaire contained from three t:.. nine
questions . Most questions were multiple response questions. However,
about 25% of the questions required an open-ended response.

Because of the length of the entire questionna ire, i t  was divided
into two parts -, Part I and Part II. Any parti cular respondent
answered only the questions contained in either Part I or Part II.

Questionnaire B: Survey of Training Equipment Problem Areas and
New Simulator Requirements for Maintenance Courses. The purpose of
this questionnaire was twofold--to i dentify major problem areas
associated wi th current training equipment , and , to identify actual
equipment trainers which might be replaced by simulators .

Part I of Questionnaire B contained seven multiple option re-
sponse questions each dealing with a problem area relating to the
use of training equipment. The problem areas related to: sufficient

— numbers of training equipment; adequacy of training equipment; non-
availability of training equipment; cost restraints on the use of
training equipment; constraints regarding the modification of train-
ing equipment; training equipment reliability ; and the extent to
which critical training areas were supported adequately by training
equipment.

Part II of Questionna ire B asked the respondents to list expen-
sive actual equipment trainers employed in specific maintenance
courses. They then answered a number of questions at’out each listed
AET. The instructions were to list AETs which had ~ estimated cur-
rent u n i t  cos t value of around $100,000.00 or more. For each trainer
listed , the respondent Indicated whether or not the AET was: effective,

_- 
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reliable , easy to maintain , easy for students to use, easy for
instructors to use, and whether or not the trai ner was used to
teach troubleshooti ng . In additi on, for each listed AET the in-
structors reported on how many AETs they currently had; whether
or not they needed more AETs; and whether or not they would be
willing to use simulators in addition to AETs , to repl ace some
AETs , or to replace all AETs.

Appendix B contains a copy of Questionnair e B. Question 1,
Part II of the questionnaire was used to judge the effectiveness
of the listed AET . Question 4 of Part II was used to judge the
potential for using simulators along wi th or in place of actual
equipment trainers .

Respondents

The intent of the survey was to col l ect information about the
use of training devices employed to support 30 equipment maintenance
courses conducted at each of four Technical Training Centers located
respectively at Chanute , Keesler , Lowry, and Sheppard AFBs. For a
variety of reasons, to include the termination of a number of courses,
data were obtained for only 100 instead of 120 courses. This in-
formation was supplied by 98 different instructors. Each instructor
represented a maintenance course which made fairly extensive use of

• equipment. With rare exceptions , the survey respondents were very
senior military or civilian instructors .

The courses covered during this survey were selected as follows :
contractor personnel went through the AF school catalog (AFM 50-5)
and on the basis of readi ng course titl es and abstracts selected
30 courses conducted at each of the four Technical Training Centers.
The courses selected were those which appeared to make heavy use of
fairly expensive training equipment. Local contacts at each of the
four Technical Training Centers were asked to identify a senior
instructor for each course who would complete the questionnaires .
In some i nstances , the local contacts substituted other courses be-
cause: the courses selected by the contractor had been dropped,
did not make extensive use of training equipment , or other course s
which did make extensive use of expensive training equipment had
been omitted from the survey list. A list of the courses surveyed
is contained in Appendix I.

Table I shows the types of equipment or weapon systems repre-
sented by the 100 surveyed courses. Most courses covered the main-
tenance of electronic or electro-mechanica l equipments.
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Table I. Classifi cation of Courses Surveyed in Terms
of Types of Equipment Covered by Course

Number of Courses Covered
Type of Equipment by Survey

Electronic 49

Electro-Mechanical 24

Precision /Measuring 7

Electrical/Telecomunications 8

Engines (Aircraft) 4

Hydraulic 3

Miscellaneous 5
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Admini strati ve Procedures

Prior to visiti ng each Technical Training Center (TTC), the local
project contact was sent a detailed set of instructions regardi ng
how to support the survey effort. The instructions included : a
suggested schedule of events , a list of the courses to be covered
during the survey, a description of the type of instructor who should
participate in the survey, and a list of other organizations which
would be contacted duri ng the visit and the reasons for these con-
tacts. These other organizations included the Consolidated
Mai ntenance Squadron, the Training Services Branch , and the vari ous
Technical Training Groups.

Prior to the survey the survey procedures and the survey ques-
tionnaires underwent a field test at Lowry AFB , Colorado and appro-
priate revisions were made to the questionnaires and to the survey
methodology.

At each Technical Training Center, the questionnaires were
administered duri ng three different sessions . The number of re-
spondents at each session varied from 4 to 13. It took most re-
spondents about 1½ hours to answer the two questionna ires. Each
respondent first answered either Part I or Part II of Questionnaire
A. They then answered the questions contained in Questionnaire B.
The numbers of instructors answering Part I and Part II of Ques-
tionnaire A were 59 and 41, respectively. All respondents answered
Questi onnai re B.

At the beginning of each survey session the respondents re-
cei ved a short briefing on the overall objectives of the project.
That briefing material is contained in Appendix C. Followi ng that
the respondents received a rather extensive briefing on the rela-
tionship between stages of learning and types of training equipment.
The purpose of that briefing was to present a particular point of
v iew. Namely, that for any complete maintenance training program
a mix of training devices and media should be employed . The brief-
ing promoted the notion that one should attempt to fully utilize low
cost and low fidelity trainers before movi ng on to more expensive
and/or higher fidelity training devi ces. The briefing also w~s used
to dispel the notion that maintenance simulators could be employed
to completely replace actual equipment trainers. It was noted that
whereas some pri or efforts to promote the use of simulators had
suggested that simulators could become complete replacements for
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actual equipment trai ners, the current study took a somewhat different 
A

position , namely, that both simulators and actual equipment trainers
have an important role to play in maintenance training and in order
to decide what that role should be one has to look at the total
training program , both resident and non-resident , for a maintenance
special ty. Because of the importance of this briefi ng as a stage-
setter for completing the questionnaire , it is reproduced in its
entirety at the end of this section along wi th the two viewgraphs
(Tables II and III) used wi th the briefing.

The two briefi ngs, the overall project briefing and the stages
of learning briefing , and the question and answer session which
followed the second briefing , collecti vely took about 30 minutes to
accomplish.

Other Data Collecting Activities

At the end of each questionnaire session , the contractor corn-
piled a list of actual equipment trainers which had been reported
on Part II of Questionnaire B. These were considered to be training
equipments which might be candidates for simulation. This list was
given to the TTC ’s Resources Management Branc h who obtained , for
each listed AET , the identification number , the u n i t  cost , and the
approximate year of acquisition by the TIC . In most i nstances , this
information was obtained from the equipment custodian for the Tech-
nical Training Group.

Once the ID number for each listed AET had been determined , the
list of ID numbers was forwarded to the Consol idated Maintenance
Squadron with a request to prepare a printout of unscheduled main-
tenance actions for each listed trainer for the period between 1 July
1976 and 30 June 1977. In most instances , it took two or three days
to obtain the requested printouts. Once they had been prepared they
were mailed to contractor facilities .

Contractor personnel spent about four days at each Technical
Training Center. The last two days of each visit were spent pri-
man ly on visiting vari ous Technical Training Groups and receiving
a short briefi ng on the nature of and use of major types of training
equipment. For the mos t part , this was equipment that had been
listed on Part II of Questionnaire B.

8
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Data from Concurrent Projects

During the conduct of this study , other Contractor personnel
were involved in two other maintenance studies for the Air Force.
One of these studies entailed extensive travel and interviewi ng at
a variety of AF bases wi thin CONUS. During these visits , informa-
tion was obtained about the activities of field training detach-
ments , and unit training activities at both TAC and SAC installations .
In addition , a variety of information was col lected alDut AF ~SD(Instructional System Development) activities , the procedures for
identifying training requirements, the various types of training
equipment and simulators used for unit training , and information
about the simulators which will be used for maintenance training on
the F-16.

* * *
Stages of Learning Briefing

For the next few mi nutes I would like to talk to you
about the relationship between training devices and stages
of learning. The reason for discussing this material at
this time is to review for you a particular point of view ,
namely, that training devices should be designed to support
a particular stage of learning .

We all are aware that students progress through various
stages of learning . Duri ng the first stage of learning
progress may be very slow and students may easily be over-
whelmed by too much i nformation. As learning progresses
they become able to take on more difficul t learning tasks.

As students progress through a course they learn new
tasks one by one. For each new task they go through all
stages of learning , from a novice stage, through an un-
coordinated skill stage, through a coordinated skill stage
in a training setting, and finally through a stage where they
acquire full job proficiency on operational equipment. Often
it  is difficult to tell when a person has entered a new stage
of learning , and it is not essentially important to break up
the learni ng process into four stages; three or f ive stages
might describe the process equally well. What is important
to remember is that the research evidence strongly suggests
that the effectiveness of various training methods and devices
depends on usi ng them to support a particular stage of learning .

9 
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On the first slide here you see that four stages of learning A

have been listed on the left. The novice student enters a main-
tenance course and progresses through three stages of learn i ng .
Usually this completes his formal training . He then is assigned
to the field where, through on-the-job traini ng and practice,
he becomes proficient at maintaining equipment. At this point
his supervisor is willing to certify him as a journeyman mechanic.

On the right-hand side of the slide are listed the general
training objectives usually associated with each stage of learning.
During the first stage the training goal is to teach a variety
of enabl i ng objectives. The student learns about his job, equip-
ment names, parts locations , and so on. Also , during this stage
he may be given his first exposure to theory.

Duri ng the second stage of learning the student concentrates
on learn ing procedures , how to perform part-tasks , and how to
use vari ous tools and simple test equipment. The general training
objective is to get the student to a point where he can perform
wi thout error, “but these responses do not have to be quick ,
smooth, or coordinated .” During this stage the student may
acquire an understanding of theory but he will not know how to
apply it to practical problems.

Duri ng the third learning stage the student practices unti l
he can skillfully perform in the training environment. He learns
to use theory to sol ve certain problems which he may encounter
on the job; he learns to perform operational checks , to remove
and replace components, to locate malfunctions , and so on. The
student may even have an opportunity to practice some of these
tasks on real equipment, but the amount of this practice often
is quite limited . Thus , at the end of the third stage of learn-
ing the student has met course standards but still needs on-the-
job training and practice before he can perform in accordance
wi th job requirements. This training and practi ce occurs dur-
ing the fourth stage of learning .

Now let ’s look at the next slide . On this slide we have ,
related stages of learning to the general types of training
devices which can be used effectively during the various learn-
ing stages.

I 
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During the first stage, relati vely s imple classroom
demonstrators and other training aids are very effective.
During the second stage i nexpensive mock-ups can be effective.
However, during both these two stages actual equipment trainers
are apt to be used because they are ava i lable.

Duri ng the third stage of learning simulators can be very
effective. Troubleshooting logic trainers or simulators are
especially useful to teach the logical skills required to
isolate mal functions . Simulators also can be used effectively
to provide practice on vari ous skills. For example, a s imula tor
of the cockpit, wings and undercarriage of an aircraft can be
used to teach students to attach weapons to the aircraft. With
rare excepti ons, however, actual equipment trainers are used
now to support the third stage of learning . Sometimes these
have been modifi ed locally to make them more effective as trainers.

Finally, on-the-job training usually is supported by
operational equipment, but actual equipment trainers may be
employed also. Whole-task simulators or trainers may be em-
ployed when it is not feasible to practi ce on the real equip-
ment. For example, elaborate whole-task simulators are used
to provide practice on the operation and maintenance of mi ssile
systems.

The point of all this discussion is that during the first
three stages of learning training devices which are much less
expensive than actual equipment trainers can be used effectively.
As one approaches the fourth stage of learning the training
devices must be more realistic. For example , simple mock-ups
can be used duri ng the second learning stage; more sophisti-
cated simulators should be used during the third stage of learn-
ing . Duri ng the fourth stage of learning actual equipment
trainers or operational equipment should be employed. When
this is not possible, high fidelity simulators are required .

• In clos i ng this briefing , I would like to emphasize a
second important point. The training device usage strategy F
which we are proposi ng here does not eliminate the use of real
equipment for traini ng . Rather, it attempts to use low cost,
low fidelity devices whenever possible in order to better pre-
pare students to profit from prac ti ce on more expens i ve tra iners

— - and real equipment. For example , suppose a course used three

-
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- or four expens i ve actual equipment trainers. We would propose
that one or two of these not be used , and the money saved be
spent on buying simulators , mock-ups , and other l ow-cost train-

- ing aids and devices. The mock-ups would be used to prepare
- - students to train on the simulators ; the simulators would be

used to prepare students to train on or work on real equipment.
- The purpose of low-cost, low fidelity training equipment is to

prepare students so that they can rapidly master skills on more
expensive equipment. This is the cost-effective way to use
traini ng devices.
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RESULTS AND DISCUSSION

Questionnaire A--Media Usage Survey

Survey Finding s

Questi onnaire A was used to obtain the opinions of instructors
regardi ng the use of low and medium cost and fidelity training devices F
and simulators . A copy of the questionnaire containi ng a suninary of
the responses to the multiple -option questions is located in Appendix
A. Parts I and I I  of Questi onnaire A were completed for 56 and 44
courses, respectively. Appendix D contains a suninary of the responses
provided to the open-ended questions. Appendices E and contain two
other sets of coments provided in response to some of the questions
contained in the questionnaire .

Salient findings based on Questionnaire A data have been sum-
F rnarized i n Table IV. Three general conclusions can be drawn from

these findings :

1. In most courses actual equipment trainers were used (Sec-
tion VII , Q-1) and instructors preferred it that way (Section VI I ,
Q-2c) even though 26 percent reported that AETs tended to be un-
reli able (Section VII , Q-2b).

2. Most instructors expressed a wi ll in gness to use less
expensive training devices and media if they were provided wi th
them (Section I , Q-5) and if they were convinced of the effective-
ness of those devices (Section VII , Q-4c, d , e).

3. Most Instructors, regardless of the type of equipment
covered in their course or the level of maintenance taught during
the course, answered the questionna i re in a simi lar manner.

Table I (Page 6) shows the classification by type of equipment
of the courses surveyed during this study. It can be seen that most
of the courses taught maintenance of electronic equipment (n=49 )
while the second largest group of courses related to electro-mechanical
equipment (n=24). A suninary of the major differences in instructor
responses based on type of equipment taught i n a course is contai ned
in Table V. Data are presented for only those questions which seemed
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most apt to reveal differences. Because of the small numbers i nvolved ,
the “other” category of equipment is composed of precision/measuri ng,
electrical/telecofirunications , engines (aircraft), hydraulic , and mis-
cellaneous equipments . The salient findings of the foregoing analysis
were as fol lows:

1. Most instructors responded similarl y despi te differences
in type of equipment covered duri ng their course.

2. Instructors of electronic courses were:

a. more willing to use less expensive trainers (Sec . I, Q-5)
b. more willing to use part task trainers (Sec. IV-, Q-3)
c. more in favor of using low cost/fidelity trainers (Sec.

VII , Q-4c)
d. more apt to use expensive AETs (Sec. VII- , Q-4a)

3. Instructors of electro-mechanica l courses were:

a. more interested in the use of systei~s specific trainers(Sec . VA, Q-7)
b. more apt to employ job segment trainers (Sec. Vt , Q-I)

4. Instructors of non-electronic/non-electromechanical courses
were:

a. least willing to use inexpensive training devices (Sec.
I -, Q - 5 )

b. most willing to use packaged training material (Sec. II ,
Q-5)

c. most apt to employ part-task trainers (Sec. IV , Q-l)
d. most apt to prefer AETs (Sec. VA , Q-2; Q-5)
e. most apt to use general purpose troubleshooting logic

trainers (Sec. V-B -, Q-2)
f. most apt to favor use of AETs over low cost/fidelity

trainers (Sec. VII , Q-4a and 4e).

At resident technical training centers maintenance courses are
taught at three different levels: the 3-, the 5~ and the 7-levels.The 3-level courses are introductory or basic maintenance courses.
Graduates of these courses are not expected to possess troubleshooting
skills or a high degree of knowledge about various types of equipment.
The 5- and 7-level maintenance courses are for experienced technicians .
These courses emphasize troubleshooting skills and the supervision of
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less experienced mechanics . Because of the basic differences in course
standards between 3-., 5- and 7-level courses, especially with respect
to troubleshooting skills , it might be expected that instructors of 5/7—
level courses would respond to Questionnaire A differently than would
instructors of 3-level courses. Table V shows how these two groups of
instructors responded on a selected group of questions . Relati ve to in-
structors of 5- and 7-level courses, instructors of 3-level maintenance
courses :

1. were more willing to use less expensive trainers (Sec. I , Q-.5)
2. were less apt to use system specific trainers (Sec. V-A , Q-1)

but expressed more of an interest in using such trainers (Sec.
V-A , Q-7).

3. expressed less preference for using AETs (Sec. V-A , Q-2, Q-5)
4. expressed less preferr~nce for system specific as opposed

to general purpose troubleshooting trainers (Sec. V-B , Q-3)
5. were more in favor of using low cost/fidelity trainers (Sec.

VI I , Q-4).

The foregoing findings indicate that 5- and 7-level course in-
structors are more apt to favor the use of actual equipment trainers and/
or specific equipment trainers .

Discussion

Most current and past research and applied efforts related to the
development of maintenance simulators have concentrated on electronic
equipment. (5) These R&D projects have shown that simulators can be
effectively used to teach maintenance , especially the skills of trouble-
shooti ng. Other projects have demonstrated that low and medium cost!
fidelity devices can be effective when teaching equipment operation ,
parts location , and the conceptual aspects of fault isolation . (2, 4,
14) In light of this past research, it is not surprising to find that
instructors of electronic courses express a general willingness to use
simulators and other forms of low to medium cost and fidelity trainers .

The next section of this report will discuss the identification
of 36 equipments whi ch seem prime candidates for simulation. Thirty-
one of these equipments were Identified by instructors frnown to be
involved wi th or at least familiar wi th ongoing simulation projects
at Lowry, Keesler and Chanute AFBs . This finding , and the survey
finding that Instructors of electronic courses tend to favor the use
of s imulators suggests that Instructors favor the use of s imulators

4 — . 

_ _ _ _ _
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and lost cost and fidelity training devices tc’ the extent that they
are familiar wi th these devices and have been directly exposed to
the devices themselves or to instructors favorably disposed towards
the devices.

The Use of Instructors as Information Sources. In the authors ’
opinion almost all of the data obtained through use of Questionnaire
A can be easily understood in terms of commonly-held opinions of
maintenance course instructors . As indicated by a number of the
comments provided during this survey, maintenance course instructors
prefer to teach both the theory and skills involved in equipment
maintenance , and they prefer to accomplish this using what to them
seems the best and most logica l approach--the use of the actual
equipment which eventually will be maintained by the student. For
this reason , instructors (especially 5- and 7-level course instructors)
prefer to use system specific as opposed to general purpose trainers .

Generally, instructors tend to be conservative in that they pre-
fer to use proven instructional devices and techniques with which they
are familiar. They will accept new training devices and techniques
after considerable evidence has been collected regarding their effec-
tiveness (see Table IV , Sec. VIII , Q-4c). As the need arises they
do point out areas within their courses where extant training devices
or techniques are ineffective. Then they may become i nvolved in the
development of new instructional devices or at least study up on
other devices which may be available. This suggests that ins-tructors
may be good information sources with respect to the effectiveness of
training devices and techniques but that they normally would not be
good sources of information about where and under what conditi ons
state-of-the-art training dev ices might be employed ; in sum , they
should not be the primary ones to decide on the impl ementation of
simulators or other training devices .

Evaluation of Usefulness of Training Device Categories Used in
Questi onnaire A. During the initial development of Questionnaire A ,
an attempt was made to develop a taxonomy of training devices. It
was hoped that this would enable us to make generalized statements
about the study findings in terms of their applicabilit y to various
categories of training devices . This effort commences with a review
of the literature, especially articles by G. G. Miller (9), R. B.
Mi ller (10, 11) and Kinkade and Wheaton (8). As a result of this
explorati on Into the literature we concluded that training device
taxonomies are of limi ted value. A major problem with them is that
different taxonomies can be developed for different purposes. More-
over , it Is almost impossible to clearly delineate the boundaries be-
tween adjacent taxonomic categories. Fcr example , many wri ters talk
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about a category of Part-Task Trainers which is a term familiar to
most instructors . However, with rare exceptions , almost all trainers £

fall into the category of part-task trai ners since they are used to
train something less than a complete maintenance task performance.

Some authors have attempted to categorize training devices and
techniques in terms of the general categories of skills and know-
ledges they are best designed to teach. For example , training de-
vices and techniques might be designed to teach: facts and defini-
tions , concepts, p rinciples , procedures , menta l skills , psychomotor
skills , and attitudes . The Air Force ’s 3306th Test and Evaluation
Squadron duri ng its ISD analysis , has found it useful to select
training media in terms of these skill and knowledge categories .

For the purpose of developing a structure for Questionnaire A
seven categories of training devices were established as follow :

I Demonstrators
II Nomenclature and Parts
III Cue Discr imination Tra iners
IV Part-Task Trainers
V Troubleshooting Logic Trainers

A. Systems Specifi c
B. General Purpose

VI Job Segment Trainers and Simulators
VI I Actual Equipment Trainers and Operational Equipment

When adequately defined by means of examples the categories proved
useful enough for the purpose of obtaining judgements about the
effectiveness of various types of instructional media and training
devices . The definition used for the term “simulator ” was quite
general and was similar to that developed by Gagne (see footnote,
page 1).

To give the training device categories more meaning an instructor
briefing was prepared which related each category of traini ng device
to one of four stages of learning. Thi s “Stages of Learning” brief-
ing has been discussed already . While preparing this briefing we
related each category of trainer to a stage 0f learning which , accord-
ing to the literature , could best be supported by that category of
training device. In effect, the “Stages of Learning” briefi ng
categorized trainers Into four classes each related to a stage of
learning as follow :

t
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Stage I of Learning -- Familiarization trainers
Stage II of Learni ng -- “Acquisition of basic skills and

knowl edge” tra i ners
Stage III of Learning -- “Refinement of skills and knowledge

in the training setting” trainers
Stage IV of Learning -- “Transfer of training to the job

setting ” trainers

Evaluation of the Usefulness of Questionnaire A

Questionnaire A provided a variety of information about training
devices which currently are employed in maintenance courses. This
information served to document anecdotal evidence about the use of
training devices, and especially about the use of actual equipment
trainers. This i nformation, however, did not provide much help to-
wards identifying the courses where maintenance simulators might
effectively be employed . The survey data could be used to i denti fy
courses where the resistance to simulators would be slight or ex-
tensive . If one is interested in identifying instructor attitudes ,
opinions , and usage patterns related to maintenance training equipment,
then the administration of Questionna ire A on a three-five year
interval would be useful . If one is i nterested in identifying
equipments which might be replaced by simulators then Questionnaire
B, Part II (to be discussed ) should be employed .

L 25
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Ques tionna i re B. Part I--Major Problem Areas
wi th Training Equipment

Survey Findi ngs

The purpose of Part I of Questionnaire B was to obtain i nformation
about some of the problem areas conmonly associated wi th training
equipment. A copy of the questionnaire containing a sumary of the
responses is located in Appendix B. Appendix G contains a listing of
the comments provided by the respondents.

A summary of the findings for Questionnaire B, Part I is con-
tam ed in Table VI . A perusal of these findings suggests that most
instructors were satisfied with the training equipment available to
them. They reported that:

1. they had sufficient numbers of trainers
2. the trainers were adequate for doing the traini ng job
3. they usually could use the equipment when they wanted to
4. use of the trainers had not been constrained due to cost

considerations
5. they had not been constrained from making modifi cations

to training equipment
6. critical course areas were adequately supported by training

equipment.

Only 43% of the instructors judged thei r trainers to be reliable
(Q-6). As discussed later on , it seems to be the factor of training
equipment unreliability which eventually forces instructors to con-
sider alternatives to actual equipment trainers.

Table VII contai ns a break-out of the responses to Questionnaire
B, Part I in terms of equipment covered in course and l evel of main-
tenance taught during course. Of most interest is the finding that
instructors of electronic equipment courses are less apt to judge
their equipment to be reliable (Q-6) than are instructors for other
types of equipment. Also , electronic equipment instructors are less
apt to report having adequate numbers of training devices (Q—1); more
apt to report that equipment is not available for training (Q-3); and
more apt to report that they have been constrained from modifyi ng
their training equipment (Q-5). All these findings are very under-
standable. Comparatively speaking , elec troni c equipment malfunctions
more -,ften than other types of equipment. This makes it unavailable

L 

for training (Q-3). One way to offset this problem Is to obtaIn
more equipment (Q- 1).

_ _- 
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The problem of training equipment reliability is of more con-
cern to instructors of 5- and 7-level courses than to instructors
of 3-level courses (see Q-6 and Q-7). The 5- and 7-level courses
concentrate on teaching maintenance skills , especially fault isola-
tion , and on providing hands-on experience. Therefore, it is
essential to support these courses wi th either actual equipment
trainers or a variety of simulators and part-task trainers .

Evaluation of the Usefulness of Questi onnaire B, Part I

After reviewing the results obtained through the use of Ques-
tionnaire B, Part I, the authors concluded that the data obtained
provided little information of interest about training problems.
Moreover , the data did not help identify areas where simulators
mi ght be employed . In addition , the data obtained on Part I of the
questionnaire sometimes was at variance wi th that provided for Part
II of the questionnaire . For example , in Part I a respondent
might report that he had sufficient numbers of trainers, while in
Part II he might indicate a need for additional actual equipment
trainers. Finally, some of the questions contained in Part I
duplicate those contained in Part II. Therefore, it seems appro—
priate that Parts I and II of Questionnaire B should be combi ned
into a single questionnaire for any future use of this survey
instrument.
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Questionnaire B , Part Il-—Identification of Actual Equipment
Trainers which Might Be Simulated

Survey Findings

The purpose of Part II of Questionnaire B, was to identify high
cost actual equipment trainers which might be replaced in whole or in
part by simulators . Through the use of this Questionnaire , 80 actua l
equipment trai ners were identified which had a unit cost of $100,000
or more. These 80 trainers are listed in Table VIII along wi th a var-
iety of information about each trainer . This information is as follows :

1. A course number and the l ocation of that course is listed
on the left of the Table.

2. Under “Course name and name of trainers” are listed the
name of the course and all trainers used in that course
which have an approximate unit cost of $100,000 or more.

3. The approximate unit cost for each listed trainer is shown
to the imediate right of the name of each trainer (Column c).

4. Under Column d, “Unscheduled Maintenance July 76 through
June 77” has been listed the number of hours of unschedu led
maintenance performed on the trainer for a 12-month period .
In a few cases a thousand or more hours of unscheduled
maintenance was reported. With rare exceptions that meant
that the trai ner was down for maintenance because of a lack
of spare parts.

5. Under Column 3, “Approximate Age of Trainer” is listed the
approximate number of years that the trainer has been at a
technical training center.

6. Column f contains the responses provided to Question One,
Parts a through f of Questionnaire B, Part II, For example ,
Question l.a. asks the question “Is this AET effective?”
The response opti ons were 1, 2, 3 and 4. 1 means “definitely
yes ;” 4 means “definitely not ” ; 2 means “maybe yes ;” and
3 means “maybe no.” The six subparts to Question 1 all
relate to whether or not the trainer is effective cor
teaching troubleshooting . For a highly effective trainer
the response of “1” would be provided to all parts of
Questi on 1. For a very ineffective trainer responses of 3
or 4 would be provided to most, if not all parts of Question
1. An instructor might judge a trainer to be highly effec-
tive yet also judge It to be unreliable, difficult to
maintain and hard for students to use. Two of the test

- sets listed at the bottom of the first page of Table VIII
are examples of this type of trainer.
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7. Under “Q-2” , Column g, is listed the number of actual

equipment trainers now used i n a course. The s ignifi cance
of this number is that it -is more practical to use simulators
in courses which currently employ two or more AETs--the
simulator can replace one or two AETs.

8. Under the Column h, has been listed the answers to Question
3, “Do you need more AETs?” An answer of 1 means “yes,” an
answer of “4” means “definitely no.”

9. Under the column entitled “Q-4” (Column i) has been listed
the responses to three questioris--”Could you use Simulators
in Addition to AETs (Q-4a); Could you use Simulators to
Replace some AETs (Q-4b); and Could you use Simulators —

to Replace All AETs (Q-4c)?” For the three parts of
Question 4, a response pattern of three 4s is an indication
of a complete rejection of the use of simulators . A corn-
plete acceptance of simulators would be indicated by a
1-i-i or a 4-4~-i pattern of responses. In this survey the
most positive pattern ~of responses for Question 4 was 2-2-2which was obtained for the ninth trai ner listed on Page 1
of Table VIII. This same pattern was obtained for two other
trainers .

10. The column labeled “Simulation Potential” contains a number
which represents the potential for or advantages to be
gained by simulating a particular trainer relative to the
other tra iners li s ted in Ta bl e VI II. The procedi~re by
which this number was derived is explained in Appendix H.
Essentially, this number is a rank which is based on the sum
of 4 ranks based respectively on: the unit cost of the
trainer , the amount of unscheduled ma intenance , the effective-
ness of the trainer for teaching troubleshooting (sum of the
answers to all parts of Question 1); and rankings based on
the pattern of responses to Question 4 (Lhe pattern 4-4-4
received a rank of 1, while the rank of 1-1-1 received a
rank of 15. Other poss ibl e patterns were ranked accord ing
to the degree to which they supported the notion of using
simulators to replace al l ac tual equipment tra i ners (see
Appendix H).

On Table V III the Simulation Potential ranks vary from 1 to 8.
Those trainers receiving a simulation potential rank of 1 (3 in
number) are those wh ich , accordi ng to the respondents, are the best
candidates for replacement by simulators . Eight other trainers re-
ceived a simulation potential rank of 2; these have been considered

_ _  
_ _ _ _  
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next or second in priority wi th respect to their potential for being
replaced by simulators . A third group of 18 trai ners , those which
received a simulation potential rank of 3, have been classified as
third priority trainers wi th respect to their potential for being
replaced by simulators . Seven additthnal AETs were classified as
“4th Priori ty ’ trainers . This information , involving a total of
36 trainers , -is sumarized in Table IX. Table IX lists the 36
trainers in terms of first, second, third , or fourth priority trainers
for simulation. For each trai ner the reasons for considering simula-
tion instead of the actual equipment trainer have been listed.

Table X classifies the “high simulation potential” trai ners in
terms of type of equipment. The points to note with respect to this
table are: 14 trai ners were test sets or benches , most of which are
used to check out line replaceable units . Eight other high priority
candidates for simulation were radar sets. This list of high priority
candidates for simulation contains no trainers which could be class -i-
fi ed as strictly mechanical or even electromechanical trainers.
Moreover, of the 36 high priority candida tes for simulation , 32 were
AETs which are electronic in nature. Three others i nvol ved electro-
optical equipment; only one trainer pertained primarily to electrical
equipment--the CT-43 AC power system.

Di scus sion

Val i4~ y of Data Used to Calculate Simulation Potential. The
data displayed in Table VI II are from the most rel i able sources avail -
able, e.g., Consolidated Maintenance Squadron records. However, their
absolute validity is questionable.

1. Unit Cost of Training Equipment. The unit cost of training
equipment was determined by consulting the Custodial Receipt Listing
maintained by a Technical Training Group. This listing will not re-
cord costs above $999,999.00, however. To determine the unit cost
of very expensive equipment it is necessary to consult other sources
of information maintained by the equipment custodian .

Sometimes the listed unit cost of a trainer seemed much too low ,
e.g., $50,000 for a large electronic equipment trainer. To explain
this we found that the cost of equipment ~ay be reported in terms ofthe cost required to modify the equipment for training after it had
been acquired by the school . In such instances other data sources,
usually letter/memo fi les , maintained by the equipment custodian
had to be consul ted.

36
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Table X. Classification of Trainers Which Are High Priority
Candidates for Simulation

Simulation Priority

Tyoe of Equ Ipment 1st 2nd 3rd - 4th

Test Set 2 4 4 4 14

Radar 1 2 4 1 8

Bomb/Navigation - 1 - - 1

M issile Con tro l - - 1 -

Corinunications - - 3 1 4

Flight Simulators — 1 - - 1

Computer - - 2 1 3

Elec tro-optlcal - - 3 - 3

E lectrica l — — 1 - 1

S~
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The cost of training equipment may vary depending on whether
It is an early or late production run . This information cannot be
obtained from equipment custodians nor can i nformation about R&D
costs versus fabri cation costs .

Based on the foregoing findings the authors judge that by using
cons iderable caution, unit cost data obtained from a Technical Train-
ing Center can be used to determine the approximate cost and the
relative cost of traini ng equipment.

2. Hours of Unscheduled Maintenance. Column d of Table VIII
shows the number of hours of unscheduled maintenance provided for
i tems of training equipment over a 12-month period. This information
can be obtai ned from printouts provided by a TTC’s Consol idated
Maintenance Squadron. We obtained data only for unscheduled main-
tenance because this type of maintenance is most disruptive to
scheduled training .

According to present procedures for calculating equipment
availability , training equipment can be available 8,760 hours per
year (365 days x 24 hours). When a printout reveals that equipment
was down for unscheduled maintenance for 8,000 hours that means it
was unavailable for training purposes for 333 days. Large numbers
of unscheduled maintenance hours are indi ca ti ve of a lack of spare
parts. As with unit cost data , the authors suspect that unscheduled
maintenance data is somewhat inflated (this is based on a study of
pri ntouts of work orders and discussions with maintenance personnel),
but the data is useful for determining the relative reliability of
equipment.

3. Age of Trainer. The figure shown in column e of Table VI II
represents the approximate age of a trainer assumi ng that the trainer
was purchased by the school . Otherwise , the figure represents how
long the trainer has been located at the school .

The age of a trainer is sometimes difficult to determine.
It may be recorded on the Custodial Receipt Listing or on letters
recording when the equipment first was received at the school . Other
times,age of equipment must be supplied by an instructor--”That
equipment must be about 17 years old because it arrived a coupb of

— years before I started worki ng here 15 years ago. ”

The equipment age figure was obtained because of the
possible relationship between amount of unscheduled maintenance and
equipment age . Inspection of Table VI II revealed no apparent relation-
ship and the age figure was not incorporated into the formula for
calculating simulation potential.
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4. Instructor Judgements of Equipment Effectiveness. Question 1
of Ques tionna i re B, Part II required instructors to make specifi c judge-
ments about specific training devices. Answers to the six parts of this
question collectively provide an indication of instructor satisfaction
wi th a particular piece of training equipment. The pattern of responses
to this question suggested that the instructors did make discriminati ng
responses--they did judge equipment to be effective but not reliable,
easy to maintain but difficult to use to teach troubleshooting , and
so on. The authors are of the opinion that the answers provided to the
six parts of Question 1 provided more valid data than similar questions
in Part I of Questionnaire B, or in Questionnaire A. Possibly this
was because Question 1 called for specific judgements related to specific
equi pments.

5. Instructor Opinion s About Simulators. Question 4, Questionnaire
B, Part II was the only question which directly asked the respondent
to express an opinion regardi ng the use of simulators . The pattern
of responses provided to this question suggested that the respondents
did provide discriminating replies to this question .

The relation between instructor opinions about simulators and
their knowledge about simulator~, has already been discussed briefly(p. 22). In this survey we had an opportunity to talk wi th many in-
structors and could associate each respondent wi th a particular course
and training device. Therefore, we were able to determine that of
the 36 top candidates for simulation listed on Table IX , 19 of these
were identified by Lowry AFB instructors known to be invol ved with
or knowledgeable about simulati on efforts related to the 12A6883 test
bench. An additiona l nine of the 36 top simulation candidates were
identifi ed by instructors at Keesler AFB , most of whom were i nvolved
wi th or knowledgeable about an on-going simulation effort at that
base. Finally, of the six high priori ty simulation candidates identi-
fied by Chanute AEB instructors, three of these pertained to flight
simulators of the type for which simulator specifications were being
developed .

Of the 36 simulation candidates listed in Table IX , only two
were identif led by Sheppard instructors. This may have been due to
the types of courses (civil engineering, engine repair , hel i copter
maintenance , etc.) conducted at that base.
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Weighting of Factors Which Comprise Simulation Potential Formula.
The simulation potential ranking developed for ‘~ach trai ner listed in
Table VI II was based primarily on four factors : the unit cos t of the
equipment; the cost of unscheduled maintenance; the judged effective-
ness of the trainer; and the willingness of instructors to reconinend
the use of a simulator along wi th or in place of the actual equipment.
With reference to Appendix H, it can be seen that the range of weights
assigned to each of these four factors varied as follows: 0 to 35 for
unit cost of trainer; 0 to 35 for unscheduled maintenance ; 6 to 24
for effectiveness of trainer; and 1 to 23 for willingness to use simu-
lators instead of or along with AETs. As a result of these weightings ,
cost considerations had a somewhat greater infl uence on the calculated
simulation potential rankings.

Any formula for calculating the simulation potential of AETs will
generate different results depending on the weights given to the factors
incorporated into the formula. By varying assigned weights one can
emphasize overall trainer costs or effectiveness, or any one or more
of the factor elements used to determine cost or effectiveness. Before
using such a formula therefore, one should examine the standard weights
assigned to each factor and determine if they need to be adjusted to
reflect loca l conditi ons and restraints . For example , at one TTC the
overriding goal might be to reduce trainer costs, If so, cos t factors
in the simulation potential formula might be given double or triple
weight. At another TTC the goal might be to obtain more effective
trainers. Therefore, factors related to effectiveness should receive
greater weight than that assigned in the basic formula.

The foregoing points may be obvious . However, we wish to emphasize
that, in our judgement, decision formulas relating to training devices
need to be adjusted to current and/or local conditions and restraints
before they are applied . For example, it would make little sense to
simulate equipment which is about to become obsolete or to s imulate
equipment used in a course which will soon be discontinued .

Evaluation of Usefulness of Questionnaire B, Part II.

Part II of Questionnaire B provided the most useful information during
this survey, at least wi th respect to Identifying actual equipment trainers
which might be simulated . The information provided in response to the four
questions conta ined in Part II, along with i nformation about unit costs
and hours of unscheduled maintenance , made it possible to develop a system
for ranking actual equipment trainers in terms of the probable advantages
which would be obtained if they were simulated . I t  was noted , however,
that Instructors tend to reconi~iend the use of simulators to the extent thatthey are familiar wi th simulat:rs and how they can be effectively employed
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to teach maintenance on the type of equipment covered by their course.
It would seem useful to conti nue the administration of Part II of
Questionnaire B on a bi-yearly basis. Between administrations it would
seem appropriate for the Air Training Comand , in cooperation wi th AFHRL ,
to distribute to the Technical Training Centers the latest information
on the effectivenes s of various types of simulators which can be employed
to teach equipment maintenance .

Use of Survey Procedures for Identifying the Need for Simulators

There are at least two general approaches which can be used to assess
the need for simulators . One approach is to survey instructors and others
familiar with maintenance courses. These persons can describe their
likes and dislikes with respect to presently used traini ng devices , and
can provide opinions about the potential usefulness of other types of
training devices . The validity of those opinions , however , may be suspect
because instructors often are not aware of the various types of training
devices and simulators which might be employed in their courses. In our
judgement informati on and opinions provided by instructors can be used
to identi fy problem areas and to identify the resistance which may be met
to the proposed use of simulators in place of AETs . However, since in-
structors seldom are experts in the design and evaluation of training
dev i ces , they should not be expected to be able to provide a detailed
analysis of the advantages and disadvantages of using simulators or other
types of i nnovative training devices in their classrooms.

A second approach for assessing the potential for using simulators
and/or other types of trainers is to have a simulation /training device
expert exami ne a course in detail. This can include the in-depth ques-
tioning of course instructors . Based on the i nformation developed the
simulati on expert can reconinend various types of trai ners for the course.
This second approach is more time-consuming and expensive than the first
approach (instructor survey), especially if applied to a large number of
courses. The findings , however, are apt to be more valid.

It seems likely that the potential for using simulators can best be
assessed by using a combi nation of the foregoing two approaches . The
Instructor survey approach can rapidly identify : (a) courses where
traini ng equipment is a problem; (b) courses which use costly equipment
which is unreliable; and (c) courses where the use of simulators is

have been circumscribed by the survey approach , it Is appropriate to
analyze each area (course) In detail to determine if simulators can pro-
vide a solution to the training problem.

acceptable to Instructors. Once the potential areas for using simulators
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THE USE OF SIMULATORS FOR MAINTENANCE TRAINING :
SOME SELECTION FACTORS

During the conduct of this study instructors provided innumerable
coimients relating to the comparative cost-effectiveness of simulators
and actual equipment trainers (AET). As expected , most instructors were
not completely convinced of the benefits to be gained by using simulators .
Those known to have been heavily exposed to simulators tended to favor

— their use. Few instructors , however , had had the opportunity to employ
s imulators i n their c lassroom . Thus , the questionnaires completed in
this study contained many coim~ients which in one manner or another sug-
gested that simulators might be cost-effective under certain conditions
but that more evidence was needed .

In a companion to this report (5), the authors reviewed publ ished
reports relating to the cost-effectiveness of maintenance training
simulators . Most reports supported the contention that maintenance
simulators can be effective , especially for teaching operator and
troubleshooting skills. The literature also contained many estimates
of the cost savings which potentially can be achieved through the
adoption of simulators . -

The pages which follow contain a review~~in light of the afore-
mentioned instructor coments and literature review , of some of the
factors which should be considered when choosing between actual equip-
ment trainers and maintenance simulators . Of course these are not
the only alternatives. Other media--mock-ups , audio-visual programs ,
video tapes, obsolete. equipment , etc.--might be more cost-effective
under certain conditions .

When discussing the pros and cons of simulators versus AETs a
wide %Iariety of factors can be considered . Some of them are listed
in Table XI. All factors have been subsumed under four headings--
cos t, dva ilab il i ty, effectiveness and trainin g environment. Whether
or not simulators are costly, available when neederl, and effective,
depends in part on the setting in which they are used. Thus , at the
end of this section we will discuss the use of simulators and AETs
in relation to resident versus unit and/or Field Detachment training .

As part of the ISD (Instructional System Development) process
decisions must be made regarding the type of media to use to support
the teaching of var ious  types of tasks. The general procedures for
accomplishing this are described in AFR 50-2 and AFP 50-58. More
definite ISD procedures for selecting trainin g media are contained
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in the June 1977 Mission Handbook of the 3306th Test and Eva luation
Squadron. Even these procedures , however , do not consider all the
factors which affect a decision to use simulators as opposed to
actual equipment trainers. It is hoped that the discussion which
follows will help lay the foundation for a more detailed decision
matrix for making reconinendations about the use of AETs or simulators
for maintenance training .

Trainer Acquisition Costs

Number and Types of Tasks to be Supported by Trainer (Factor Al)1

The unit cost (excluding development costs) of most maintenance
simulators is considerably less than the actual equipment they repre-
sent. How much less seems to depend upon : the number of tasks to be
supported by the simulator; the complexity of the hardware required
to simulate the equipment features relevant to the tasks to be taught;
and the degree of physical fidelity built into the simulator.

In general , the more tasks you wish to teach using a particular
simulator , the higher will be the- cost of the simulator. A simulator
should simulate only those portions of equipment related to the tasks
to be taught through use of the simulator. Moreover, duplicate por-
tions of equipment need not be simulated unless needed to teach certain
check-out or maintenance activities . In the process of identifying
simulator requirements one should identify those tasks which can be
learned using low cost media , and those which can be best learned, or
easily learned on the equipment itself. The remaining subset of tasks
are those which the simulator should be designed to support. By re-
ducing this subset to a minimum , the initial cost of the simulator
can be reduced .

A simulator should have a fairly high degree of functional fidelity ,
but often this can be achieved wi thout duplicating the physical fidelity
of the equipment. Other things equal , the higher the physical fidelity
requi rements , the higher will be the unit cost of the simulator.

Weapon systems often employ highly sophisticated circuitry to
accomplish certain goals. Sometimes the effects of this circuitry can
be simulated by much simpler and less expensive means. For purposes of

1The reference to “factors ” made In thi s and subsequent headings refers
to the factors listed In Table X I.
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Table XI. Factors Which Affect the Selection of Simulators
as Opposed to Actual Equipment Trainers

A. Acquisition Costs

1. Number and Types of Tasks to be Supported by Trainer
2a Proportion of Displays and Operations That Must be Simulated
3. Need for Additional Front-End Task Analysis and Simulator

System Design
4. Availability of Data for Determining Simulator Requirements
5. Feasibility of AET Modification
6. Number of Trainers Required

a. Student Flow
b. Number of Courses to be Supported by Trai ner

7. Cos t of AET

B. Life-Cycle Costs

1. Spare Parts
2. Configuration Management
3. Trainer Maintenance
4. Power and Env ironmental Control Requirements

C. Trainer Availability

1. Reliability
2. Ease of Maintenance
3. Ruggedness
4. Adequacy of Logistical Support
5. Probability of Trai ner Recall for Operationa l Use

0. Trainer Effectiveness

1. Trai ner Versatility
2. Need for Special Instructional and/or Performance Measurement

Features
3. Stage of Learning Supported by Trainer
4. Maintenance Course Level

E. Training Environment

1. Field Training Detachment (FTD) Requirements
2. Impact of Task Oriented Training (TOT)
3. AvailabilIty of Other Media
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teaching maintenance it often is sufficient to generate displays by
mini-computers, a system of relays , or by other means . To the extent
that simple hardware or software can be used to create the task
characteristics required for training , the cost of simulators can be
reduced .

Proportion of Displays and Operations That Must Be Simulated (Factor A2)

The cost of a simulator can be reduced considerably by not simulating
some of the displays and operations of the equipment. For each main-
tenance task only certain displays and operationa l controls are relevant.
The remainder are at least i rrelevant and may even be distracting ,
especially to the novice technician. A careful identification and analysis
of the tasks which will be taught using the simulator should identify a
number of equipment features which need not be simulated or which can be
simulated using low-cost techniques . The unit cost of simulators will
be proportional to the number of equipment displays and controls features
which must be simulated . Simulators desi gned to represent all features
of their equipment counterpart may cost as much if not more than the
actual equipment.

Need For Additional Front-End Task Analysis and Simulator System Design
(Fa ctor A3)

During the devel opment of a new hardware system i nnumerable re-
search , design , and development activities take place . The magnitude
of these activities , along with the number of systems to be purchased ,
are reflected in the final unit price established for the hardware.
A simulator is another piece of hardware and considerable front-end
analysis must go into its development even though it is based on al-
ready designed equipment. The unit price , therefore, of a simulator
may sometimes approach or exceed that for its operationa l counterpart
because: much additional design and analysis must go i nto development
of the simulator , and , only a small number of simu l ators are to be
purchased .

Av i i i ~L2 Data for Determining Simulator Requirements (Factor A4J

For the past 25 years, sporadic attempts have been made to develop
procedures whereby during the development cycle for new weapons systems
detailed informatIon about the system can be made available specifically
for the purpose of designing training equipment , especially simulators

r
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and mock-ups. Some persons have claimed that speci fications for main-
tenance training devices cannot be prepared until the design of the
parent weapons system has been established . Recent experience in-
dicates that this is not so. During the Criti cal Design Review stage
for a new system major design modifications seldom are made. Usually
the equipment design and appearance becomes 80 to 90 percent fixed
after the Initial Design Review stage. It should be possible , there-
fore, to begin the development of a simulator dfter its parent hard-
ware has been modified on the basis of the initial design review . If
changes are made to the weapons system thereafter, this usually will
necessitate making only minor front panel changes on the maintenance
training simulator .

Information required to develop simulator hardware and software
can be obtained by working closely with the test and evaluation group
working on early prototypes of the weapon system. Essentially, the
foregoing describes the efforts of the ISD group which worked wi th
the 3306th Test and Evaluation Squadron as they conducted tests and
evaluation on the prototype F-16 aircraft. By working closely with
the T&E squadron the group responsible for identi fying traini ng re-
quirements was able to obtain the i nformation they needed to develop
the specifi cations for the F—1 6 Mobile Training Set trai ners, mos t
of which will be simulators . This case history demonstrates two
important points : (1) data for the design of maintenance trainers
is available fairly early in the design phase of a new hardware
system; and (2) simulators can be designed on the basis of proto-
type hardware provi ded that you are willing to make last minute ,
minor reconfigurations to the simulator to reflect changes in the
operational equipment design.

Feasibility of AET Modification (Factor A5 )

When permissible to do so It may be less expensive to modify an
AET than to purchase a simulator . In many instances this has been done ,
e.g., non-configuration managed actual equipment trainers have been
modified to provide a fault Insertion capability .

For existing weapons systems the possibility of modifying exist-
ing AETs or s imi lar but obsole~e equIpment should be explored . If a
school already owns the AET thh often can be accomplished by the train-
ing services branch at little expense. This option should be con-
sidered after an analysis ha~ sho -~n that  training equipment of some
sort is required and that an At ’ night meet the requirements.
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Number of Trainers Required (Factor A6)

The cost advantages of simulators become more epparent as the
requi rement for large numbers of tra iners increases . Some mai ntenance
courses need only one, or at least use only one, actual equipment trainer.
Often this AET is used throughout much of the course. On the other hand ,
many maintenance courses employ two or more AETs. These courses seem
to be the best candidates for simulators because one or more AET5 can
be replaced by simulators while still leaving one AET for use by the
instructor. This approach should generate much less opposition to
the use of simulators . Of course, the mix of AETs and simulators
used in a course should be based on an analysis of training require-
ments and how they can best be met.

Student Flow. Each maintenance course P01 contains , for each
training device , a reconll1endation regarding the maximum number of
students who should be trained simultaneously using that device.
General ly, it is difficult to train large groups of students when they
all have to work on the same pi ece of equipment. Some equipments, for
example , are housed in vans which can hold no more than two or three
students plus an instructor. Obviously, estimated student load is an
important factor to consider when estimating the number of required
trainers . Students can , of course , be taught in two or even three
shifts , but time must be reserved for equipment maintenance . If you
have more students to train you should have more training equipment.
Thus, in high student-load courses more cost savings may be effected
by using simulators .

Number of Courses to be Supported I~y Trainers. Most Technical
Tra i ni ng Centers teach two or more s imi lar mai ntenance courses , each
course designed for a di fferent skill-level student. Therefore,
requirements for multiple copies of a training device depends both
on student flow for a particular course and the number of courses
which use the same trainers. It is preferable to schedule related
courses so that they do not have concurrent requirements for identical
trainers. This may not always be feasible. Therefore, it would
seem advantageous to use simulators when they can be used in more than
one course.
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Cos t of AET (Fac tor A7) 
£

The procedures used during this study , and the formula for cal-
culating simulation potential , both were based on the assumption
that efforts to develop maintenance simulators should be directed to
high cost AETs . This was in recognition of a fact that much of the
current interest in simulation is due to the high unit cost of actual
equipment trainers . As the cost of AETs continues to increase, the
argument for us ing simulators should assume additional importance.

Current estimates in the literature of the relative unit cost
of simulators vary from 10% to as much as 50% of the cost of actual
equipment trainers (3, 12, 13). While such relative costs might con-
tinue to prevail , there also is the possiDility that the cost of
certain simulators may approach the cost of their actual equipment
counterpart. If all portions of an AET must be simulated ; if special
instructiona l and/or measurement features must be incorporated into
the simulator; and if extensive R&D is required to develop the
s imulator , then it is conceivable that a simulator could cost the
same as or even more than its AET counterpart.

Life-Cycle Costs

The cost of mainta i ni ng a traini ng device over a 15 to 20 year
life cycle can be as much as or even considerably more than the initial
cost of the trai ner. A logistics system must be established for pro-
viding the trainer wi th spare parts . To prevent obsolescence the
trainer may be configuration-managed . That is , it may period ically be
updated to reflect the latest model of the operationa l equipment it
represents. In addi tion , the trainer, as does all equipment, must
undergo sc heduled preventi ve ma intenance and w i ll most likely undergo
unscheduled maintenance as well. For these actions the labor costs
involved can be considerable.

Spare Parts (Factor Bi)

Most estimates of the life-cycle costs of simulators conclude that
the cos t of spare parts w i ll be cons iderably less than for a compara bl e
AET. This Is because simulators , In addition to being simpler and
utilizing less costly components, also are less subject to breakdown.
However, when simulators are employed an additional supply of spare
parts must be maintained and special supply channels may have to be
developed. If the simulator is configuration-managed then supplies
will be provided by the Air - Force Logisti cs Coninand. Otherwise, i t
may be up to the training insti tution to obtain spare parts wherever
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-it can. It may be necessary to resort to the cannibalization of
obsolete equipment or even the fabrication of selected spare parts.
Generally speaking , then , it is less costly to provide spare parts
for a simulator than for an actual equipment trainer. However, if

p the manufacturer of the simulator is not willing to provide a source
of supply on a long term basis then spare parts for a simulator ul-
timately may cost more than for an AET.

Configuration Mana~~ment (Factor B2)

It is generally assumed that reconfiguring a simulator to reflect
new equipment model s will be less costly than reconfiguring a comparable
actual equipment trainer. Again , this assumption is based on the
observation that simulators usually are simpler , composed of cheaper
components , and often may be more modularized than AETs . Also, many of
the modifi cations affecting the AET may have no impact upon the simu-
lator configuration. Most recently designed simulators use computer
software to s imulate expens ive hardware ci rcuitry . It usual ly is less
expensive to modify this software than it is to modify electronic
circuitry .

Trai ner Maintenance (Factor B3)

Almost all life-cycl e cost estimates developed in recent years
for ma intenance tra iners have concluded that the cost of maintaining
a simulator should be much less than the cost of mai ntaini ng a com-
parable AET. As compared wi th AETs, simulators tend to be more
rugged , simpler , and more reliable. This should result in a longer
mean time between failures and less average down time per failure
for simulators. Periods of preventive maintenance must be scheduled
for both AETs and simulators . But , because of their comparative
simplicity , preventive maintenance on simulators can be performed in
les s time and less frequently.

Power and Environmenta l Control Requirements (Factor B4)

A standard compl aint agai nst AETs is that many of them consume
large amounts of electricity and require special wi ri ng in the training
environment. Simulators also may require special wiring and consume
considerable power. But , in most instances the power requirements for
simulators are considerably less than for a comparable AET.

Actual Equipment Tra iners may require a special operating environ-
ment, one that controls dust or humidity or dissipates heat. So also
may s imulators , but these requirements are less likely to prevail.
Generally speaking , then, simulators are less costly to operate be-
cause they consume less power and often do not require a special
operating environment.
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Simulators as Replacements for or Add-it- ions to AETs

The discussion so far is most applicable to decisions regarding
what type of maintenance trainer to purchase for new hardwa re systems .
In recent years , however , simulators have received consideration as
replacements for exi sting AETs or as additions to existing training
equipment. It is difficult to j ustify replac ing an existing AET with
a simulator unless the AET had proven to be grossly ineffective or the
cost of maintaining it had reached an unacceptable limit. Many main-
tenance courses , however , employ one AET and could use two or more addi-
tiona l ones. For such courses simulators can be especially cost-
effecti ve, and the cost considerations discussed above would apply.
Even though the cost of the simulator would have to include the addi-
tional front-end analysis required to develop the simulator , one would
not expect the simulator cost to exceed the unit cost of the AET , and
life-cycle costs should be considerably less.

Trainer Avai lability

There are various reasons why an AET may not be available. It
may not be developed on schedule and therefore will not be availabl e
for initial training on a new weapons system. P~fter it becomes avail-
able for use it might become non-available because of maintenance or
supply problems . Furthermore, it might be recalled to the field for
operational use.

Reliability (Factor Cl)

The cost of maintaining trainers is in part proportional to their
reli ability. If they mal function it costs money to repair them.
Obviously , while being repai red they are non-availabl e for training
purposes . For reasons already discussed , simulators tend to be more
reliable than AETs and therefore should be more available for training .

Ease of Maintenance (Factor C2)

Ease 0-f maintenance is related to the time required to perform
preventi ve maintenance and the time required to repair unscheduled
breakdowns. As compared with AETs, s imulators generally require
less periodic maintenance and can be repaired more rapidly once they
mal function. Again, this means that simulators should be more avai lable
for training than their AET counterparts .
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Ruggedness (Factor C3)

A trainer is rugged to the extent that it can stand up to
environmental conditions in the training environment, and can with-
stand heavy use and abuse by students. As compared wi th AETs,
simulators are usually designed to wi thstand heavy student use.
Ins tructors , therefore, are more apt to use simulators because
there is less chance of breakdown. Moreover, many simula tors are
designed such that instructors can do things wi th them or to them
whi ch are not allowable on AETs, e.g., i nsert malfunctions. For
these and other reasons the relative ruggedness of simulators makes
them more available -for training.

Adequacy of Logistical Support (Factor C4)

During this study it was found that certain AETs were down for
unscheduled maintenance for up to 8000 hours during a 12-month
period. We were told that this was an indication that spare parts were
not available. As equipment ages it tends to malfunction more and
thus requires more spare parts . It sometimes has been cla imed that
obtaining spare parts for AETs is a simpler process than obtaining
them for simulators . In the pas’~ this may have been so since many
simulators had been locally designed , and some had been developed
by manufacturers who since have become defunct. Assumi ng, however,
that simulators are purchased from reliable and substantial com-
panies , it seems probable that, through contractual arrangements, an
adequate supply of spare parts can be assured over the estimated
life span of the trainer.

Probability of Trainer Recall for Operational Use (Factor C5)

Many AETs are configuration-managed . This is done in part so
that,if required , the AET can be recalled to the field for operational
use. When this occurs the AET obviously is non-available for training.
This perhaps is one of the more compelling reasons for entertaining
the possibility of using simulators instead o-f~ AETs . Currently,
simulators are not subject to recall to -field units even though the
simulators may be con-figuration-managed.

— I  
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Trainer Effectiveness

Trai ner Versatility (Factor Dl)

Duri ng the past three decades a number of research studies have
shown that simulators can be used effectively to teach equipment
operating and checkout procedures , and the conceptual aspects of
troubleshooting. However, mos t simulators are designed to teach
only a subset of maintenance tasks. It sometimes is assumed that ,
using AETs it is possible, or at least seems possible , to teach all
maintenance tasks associated with the AETs . In practi ce this is not
usual ly the case.

It often is not possible to subject AETs to heavy student use
or to use them to support the teaching of certain maintenance tasks ,
especially troubleshooting tasks. For example , it usually is not
permissible to insert certain types of malfunctions into actua l
equipment trainers for fear of damaging them. Moreover , because
AETs are less able to wi thstand student abuse it is not advisable
to use them to teach certain removal and replacement tasks. Finally,
because of the time required to access test poi nts , set up test
equipment, etc., training tends to proceed slower on AETs than on
simulators .

Simulators are designed to wi thstand student use, to simulate
a selected set of critical malfunctions , and to allow trainees to
by-pass some of the easy-to-learn but time-consuming activities related
to maintenance . The versatility of simulators , therefore , relates
to their capability to support the teaching of tasks which instructors
sometimes are reluctant or unable to teach using AETs . Furthermore ,
often more students can be trained per unit time using simulators .

Need -for Special Instructional and Performance Measurement Features
(Factor D2)

AETs are designed to support an operational mission. They do not
contain special : features for reporting student performance; stop-
action features; instructional features; features for testing advanced
trainees, and so on. These are but a -few of the instructional and
measurement features that can be incorporated into simulators . Of
course some and perhaps all of these features can be incorporated into
AETs which are not configuration managed . It is probably less ex-
pensive, however, to design these features into simulators than it is
to retrofit AETs, especially if you first have to purchase the AET .

53

- 1~ -- —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



- 4 — - -- - --~~~~-
—- - - -

~~~~~~~~
--4- ------—— - - - — --

£

Stages of Learning Supported by Trai ners (Factor 03)

The Methodology section of this report presented verbatim the
Stages of Learn i ng briefing given to the questionnaire respondents.
That briefing subdivided the learning process into four stages (Table
II) and associated each stage of learning with a particular group of
training aids or devices which seem best suited to support learning
during that stage (Table III). The briefing emphasized that: (a)
simulators are most appropriately used to support the third stage o~learning (skill acquisition in the training setting); (b) that AETs
should be used to support the fourth stage of learning (skill mastery
on the job); and (c) most maintenance training programs should employ
a mix of AETs and simulators ~.s wel l as less expensive media. The
Stages of Learning briefing concluded by pointing out that decisions
about the use of similators , AETs, and other types of media should be
made wi th respect to the stage(s) of learning to be supported by the
training media.

Maintenance Course Level (Factor 04)

Maintenance courses are conducted for 3- , 5- and 7-level personnel .
The basic or 3-level maintenance course usually has an overall goal
of training students to a point where they can perform rather skill-
fully in the training setting . Such courses teach maintenance activi-
ties at the first three stages of learning . Upon graduation students
are assigned to a field unit where they receive additional task-
specific training until they have acquired skill mastery on the job.
This involves learning at the fourth stage.

Both resident and unit training rely heavily on the use of AETs ,
or operational equipment in the case of unit training. Accordi ng
to the learning scheme depicted in the stages of learning briefing ,
simulators should be very effective in a 3-level course but not neces-
sarily so duri ng unit training.

For some AFSCs, 5- and 7-level maintenance courses are conducted
by Technical Training Centers. These courses are heavily oriented
towards troubleshooting, advanced mai ntenance tasks and mai ntenance
supervision . Most instructors feel that simulators are not suitable
for such courses. This may be true to a degree. It seems more likely,
however, that 5- and 7-level courses should use a mix of simulators
and AETs whereas 3-level courses might use only simulators and non-
operational mock-ups .

t
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Trai ni ng Env i ronment

Field Training Detachments (FTD) Requirements (Factor El)

Field Traini ng Detac~inents are located at operational cn,’,nandbases but are manned by Air Training Coimiand personnel . They conduct
transition training on new weapons systems. As a new system becomes
operational , FTDs teach experienced maintenance personnel how to main -
tam the new system. This is accomplished through the use of a Mobile
Training Set (MTS ) which may consist of a combination of AET5, part-
task trainers, and simulators . FTDs also are provided with audio-
visual programs for use when the MTS is not available. Transition
training employs sophisticated high-fidelity trainers and operational
equipment when available , and covers maintenance tasks at the third and
fourth learning stages. Such training usually is not designed for novice
technicians. Unti l recently this was not an important consideration .
Now, because of increased emphasis on the appropriate location for
training,the relation between simulators for transition training and
for 3-level maintenance courses should be examined closely.

Impact of Task-Ori ented Training (TOT)(Factor E2)

Throughout the Air Force there is increased emphasis on giving field
units more responsibility for individual training, a responsibility that
now resides mostly at the Technical Training Center level . This emphasis
is being incorporated into a number of ATC programs which reduce resident
3—level training to 4 to 8 weeks. Followi ng resident training the
trainee is sent to the field where he receives either or both FTD and
unit training . This training concentrates on teaching the specific tasks
which 3-level mechanics of a particular unit must be able to perform.

The impact of the Task—Oriented Training concept has yet to be de-
termined. Assuming its success, it seems probable that resident courses
will be restructured so as to teach skills and knowledges at only the
first and second stages of learning (see Tabl e II). The trai ni ng media
requirements for such sources are those classifi ed as classroom aids--
charts , f i lm and slides , animated viewgraphs , and so on. The research
literature suggests that AETs are not required for such courses and
simulators may not even be required. If they are , they probably would
be used to teach only equipment start-up and operating procedures , and
would not need a malfunction insertion capability .
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According to the TOT concept, ATC still would be responsible for
3-level maintenance training . However, more of this training would be
conducted by FTDs. Presumably, FTDs would need simulators or other
types of training media to accomplish their training mission . Being
co-located wi th an operational unit , they would have access to opera-
tional equipment. However, it mi ght not be appropriate to use opera-
tional equipment for certain types of training , especially in view of
published reports that AETs are less effective than simulators for
teaching troubleshooting skills and certain other maintenance skills
as well (5).

Avai lability of Other Media (Factor E3)

So far in this section we have concentrated on comparing AETs and
simulators . However, there are other types of training devices and
media which can be used to support maintenance training .

Questionnaire A (Appendix A) solicited opinions and information
about the use of a vari ety of low-cost, low-fidelity devices for main-
tenance training . These devices would be appropriate for supporti ng
learning at the first and second’—stages. Many instructors expressed
a willingness to use more of these media provided that they were pre-
pared for them.

During this study we ta~ked with a number of persons who favoredthe more extens ive use of audio-visual (A-V) programs and video tape.
A-V programs currently are used by FTDs during transition training
on new equipment. According to verbal reports, A-V programs , showing
how equipment operates and how to per-form certain maintenance tasks,
are effective for use with experienced technicians. These persons
can readily visualize maintenance actions and have less need for
“hands-on” experience. The degree to which similar programs would be
useful for training nov ice technicians is less clear. However, A-V
programs and/or v-i deo tapes would seem useful during the first stage
of learning. They can show what the equipment looks like, how it
functions and what the job environment looks like ..

Little has been said in this report about the use of mock-ups~either operational or non-operational. These devices can play an im-
portant role during the second stage of learning . Moreover, there
are many maintenance tasks where non-operational equipment or mock-ups
would be effective. Many removal and replace tasks, for exampl e, can
be taught wi th such training devices.

1A mock—up is a 3-dimensional training aid built to scale and repre-
senting operationa l equipment. It may be a solid or cutaway model .
A dynamic or operational mock-up allows an instructor to demonstrate
manipulative principles , procedural steps or equipment movement in
time and space (1).
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Simulation Throuq~ the Use of Built -In Test Equ ipment (BITE) and
Test Bench Computers

Newer weapons systems utilize BITE to check out electronic systems
and their major components. Employing a computer program, the BITE
can check out itsel f as well as the major electronic systems i ncor-
porated into the equipment of which the BITE is a part. Similarly,
test benches employ computer programs to check out both themselves and
the line replaceable units . To effectively use BITE and test benches
the mechanic has to learn how to interpret a variety of front panel
indicators. It may be possible to develop special computer programs
so that both the BITE equipment and the test benches can be used to
simulate their own malfunctions , malfunctions in LRUs or other system
components.

Impact of Task Oriented Trainiflg (TOT1 Programs
on Simulator Requirements

As previously mentioned we suspect that the TOT program may reduce
the need for simulators during insti tutional training and may increase
the need for them during FTD and/or unit training . Furthermore, we
suspect that the simulators now used by FTDs for transition training
might not be appropriate for use wi th novice repairmen. As another
possible impact , it may be that specialized FTDs will have to be
created and all mechanics for a particular system sent to that spec-
ialized ~TD before going on to unit training . The impact of the
Increased emphasis on the training of novice mechanics in the field
bears close study over the next few years .
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SUMMARY AND CONCLUSIONS

Ni nety-eight Air Force instructors representing 100 different
technical courses were administered two questionnaires in order to
determine: (a) thei r opinions and current practices regarding the
use of actual equipment trainers and low and medium cost /fidelity
training devices and simulators ; (b) the problems they were exper-
iencing wi th training equipment; (c) the potential for using
maintenance simulators in place of or along wi th actual equipment
trainers; and (d) the usefulness of survey procedures for identifying
resident training equipment simulation candidates. The study con-
centrated on identifying high-cost AETs which might be replaced by
simulators . The 100 maintenance courses surveyed were conducted at
four different Technical Training Centers located at Sheppard ,
Keesler, Lowry, and Chanute Air Force Bases. 

-

Questi onnaire A: Survey of Instructor/Training Personnel
Opinions Regarding Use of Low and Medium Cost /Fidelity Training
Devices and Simulators , was designed to identify the present and
potential uses of various types of training devices and media for
maintenance training. Salient findings based on Questionnaire A
were:

1. Most instructors , regardless of the type of equipment
covered in their course or the level at whi ch the course was con-
ducted , answered the questionnaire in a similar fashion .

2. In most courses actual equipment trainers were employed
and instructors preferred i t  that way even though many complained
about the reliability of those AET5.

3. Many instructors expressed a willingness to use less ex-
pensive training devices and media if they were provided wi th them
and if they were convinced of their effectiveness.

Questionnaire B: Survey of Training Equipment Problem Areas
and New Simulator Requirements for Maintenance Courses, had a two-fold
purpose. The purpose of Part I of the questionnaire was to identify
major problem areas associated with current training equipment. The
questionnaire results revealed that few instructors registered com-
plaints about the training equipment at their disposal . However,
a substantial mi nority did report that they had problems with the
reliability of their trainers.
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The purpose of Part II of Questionnaire B was to identify high
cost AETs which might be replaced in whole or in part by simulators .
Eighty AETs were identified which had a unit cost of $100,000.00 or
more. For each of these trainers the unit cost was determined as was
the number of unscheduled hours of ma intenance performed on the
trainer during a recent 12-month period. A procedure was developed for
rank-orderi ng the 80 AETs in terms of their potential for being re-
placed by simulators. The factors used to develop a “simula tion
potential” rank i nclu ded : unit cost of trainer; number of unscheduled
hours of maintenance per year; instructor judgments regarding AET
reliability, effectiveness ,ease of mai ntenance, ease of use by
students and by instructors, capability of use when teaching
troubleshooting; number of AETs employed in course; instructor judg-
ments regarding need for additional AETs , and instructor judgments
regarding the use of simulators to replace all AETs , to replace some
AETs and to be used in addition to AETs. In the ranking formula cost
and availab ility factors (unit costs and number of unscheduled hours
of maintenance) and instructor judgments about the use of simulators
recei ved the most weight.

Using the ranking procedures 36 high-priority candidates for
simulation were identified. Thirty-two of these represented P~ETs
which were electronic in nature. Moreover , the bu lk  of these 36
trainers were listed by persons familiar wi th the effective use of
simu lators.

The validity of the data employed to calculate the simulation
potential for training equipment was reviewed and it was concluded
that (a) data related to unit cost of trainers and amount of un-
scheduled maintenance per year can be used to judge the relative
but not absolute unit cost and reliability of trainers; (b) instruc-
tors can provide valid opinions about the effectiveness of trainjng
equipment wi th which they are familiar (Questionnaire B, Part II ,),
but may express considerable reservations when asked to provide
opinions about general classes of training devices (Questionnaire
A and Questionnaire B, Part I); and (c) instructor opinions about
the use of simulators seem positively related to their experience with
simulators and the reliability of the AETs provided for their use.

After reviewing the data collected through the use of Questionnaires
A and B it was concluded that: (a) the survey approach can be used to
identify those equipments which are potential candidates for simulation ,
but the final determination of which equipments to simulate should be
based on an in-depth examination by training and simulati on experts ;
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(b) instructors are good sources of information on training problems
but cannot be expected to make valid decisions about the use of train-
ing dev ices , such as simulators , wi th which they are unfamiliar; (c)
survey instruments exemplified by Questionnaire A and Questionna ire B,
Part I cannot be used effectively to identify AET simulation candi-
dates; and (d) Questionnai re B, Part II typifies a survey instrument
which can be used effectively to screen a large number of maintenance
courses in order to identify expensive and/or problem-ridden AETs
which might be replaced by simulators .

Based on the foregoing conclusions it was recomended that (a)
the questions contained in Questionnaire B, Part I be merged i nto
Ques tionnai re B, Part II, and that rev i sed questionnai re be admini stered
to selected instructors of all TTC maintenance courses on a bi-yearly
basis; and (b) procedures be identifi ed for conducting an in-depth
examination of those equipments which , according to survey data , are
candidates for simulation .

Some of the key factors which affect the use of simulators
were discussed . These factors were reviewed under the headings of
factors affecting: Acquisiti on costs, Li fe-Cycle Costs, Trainer
Availability , Trainer Effectiveness and Trai ning Env ironment.

a 
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Appendix A

Questionnaire A

SURVEY OF INSTRUCTOR/TRAINING PERSONNEL OPINIONS
REGARDING USE OF LOW AND~ MEDIUM COST/FIDELITY

TRAINING DEVICES AND SIt-IULATORS

PART 11

The purpose of this survey is to obtain ooinions about the probable
use and effectiveness of various categories of trainlr.g devices wh i ch in
future years will be emp loyed more extensively to train Air Force main-
tenance personnel .

This survey questionnaire covers four categories of trainers. These
categories are:

Demonstrators
?lomenclature and Parts Location Trainers
Cue Discrimination Trainers
Part-Task Trainers

For each category of trainer a short briefing has been provided . This
briefing materia l covers the puroose of the trainers, the research evi dence
relating to their effectiveness , and the ways in which trainers in the
category will be used in the future. After reading the briefthg material
please answer the questions which follow . Then, move on to the next section
of the es~ionnaire. when you have completed the questionnai re you nay
leave.

On the line below would you please record the name of a maintenance
course with which you are very familiar. Then , answer all questions with
resoect to that Course.

Name of Reference Naintenance Course

1Part I was completed for 56 courses.

1

_ _ _ _ _ _  
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SURVEY QUESTIONNAIRE

OPINIONS REGARDING ThE USE OF LOW AND MEDIUM
COST/FIDELITY TRAINING DEVICES & SIMU LATORS

Section I -— Demonstrators

8r1efin~
The term dencnstrator~ can refer to a variety of training devices

which usually are en’ol oyed In the classroom as Instructional aids .
Demonstrators are used to support the first stage of learning. They are
used to Introduce students to a weapon system, to the context of a main-
tenance Job , to the operation of equipment and Its suo—systems , and so on.

Demonstrators can be two d1mens.~onal or three dimensional ; they can
present a static display or show movement; they can be operational or be
nonoperatlonal . Examples of tivo—dimensional demonstrators inc lude graphica l
materials such as wall charts and equipment diagrars, film strips , slides
and transparencies, ani mated panels , and fi lms and TV. Examp l es of three—
dimensional der.tonstrators Include mock-ups , models , equipment cut-aways
and blown-up models.

Many researc h studies have shown that an inexpensive demonstrator
often can be just as effective as an expensive one. For exarole , a number
of studies have shown that:

1. Wall charts and transparencies often are as effective as animated
panels and operational mock-ups. -

2. FIlms and TV presentations can reolace a demonstration using real
equipment In the operational setting.

3. Mock-ups, if used only for classroom demonstration , can oe replaced
by wall charts and transparencies.

4. Cut-away charts can be substituted effectively for -eal equipmen t
cut-aways.

S. Drawings can be just as effective as blown-up models.

What are the practical Implications which follow from this research
evi dence? A general Implication Is that the use of exoensive training
devices for demonstrational purposes is usuall y a waste of money . More
specifically, the research evidence Imoll e s tnat wren you olan tO use
tra ining aids or devices for demonstration only you should:
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A

1 . Use two dimensiona l aids Instead of three dimensional devices.

2. Provide enough copies so that each student has one to practice on.

3. If you must use three dimensional devices, they should be non—
operational . That is, use a mock-up where panels, displays , and so on are
shown by using pictures rather than using real controls and displays which
can be activated.

4. Use real equiament , actual equipment trainers ,Or sophisticated
mock-ups and simulators only when they already are available because of
other reasons.

That concludes the briefing. Please answer the followi ng questions
then go on to Section 1!.
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Q— l In your opinion , which of the following ways to demonstrate ( familiarize
students with) equipments are effective? Check all alternatives that
apply.

- — a. ~~ show the real equipment In operation.
b. ~~ use a mixture of real equipment and 3-dimens ional training aids .
c. use films or TV.
d. use 2-dimensional graphics such as slides , view graphs , wall

charts , or equipment diagrams.
e. jother: please describe brie fly.

Q—2 Do you use any mock-ups , cut—aways , or animated panels which In your
opinion could be replaced by less expensive wal l charts, transparencies.
or other forms of 2-dimensional graphics?

a. ~~ Nob. ~ Yes. If yes, please describe briefly.

Q—3 Do you agree that for classroom purposes charts and transparencies can
replace non—opera ting mock-ups wh ich are used only for demonstrations?

a. ..~~~L 
Yes

b. ~~~~~~ No. If no, coimlent briefly.

Q—4 Do you agree that cut-aways , wall charts and/or transparencies can serve
as economical and effective substitutes for cut-aways of actual equipment
or full scale mock-ups of equipment?

a. .L.. Yes
b. ~2

No. If no, conmient briefly.

67 

_

- - ô. ! - .-~- ~
_

~~-4 _
~~

_
~ _________



- - - - --~ —---~ —.---4 -- 
~~~~~~~~

- 4 - -
~~~~~~~~-~~~~~~~--

-
~~— - -

A

Q—5 Would you be willing to use less expensive training devices (wall
charts, sl ides, transparencies, ~drawings of equipment) in place of
operating mock-ups , equipment cutaways, and other more expensive
training devices and simulators’? Check all  alternatives that apply.

a. 
~~ 

Yes, I f the re Is evidence that they are effective.
b. j~~ Yes . if they are provided to me.
c. 2~~ No, because I feel that real equipment or more realistic

(expensive) training devices are more effective.
d. ~~Q Other. Describe briefly.

Q-6 Do you give students information about the context of various
ma intenance jobs?

a. — No
b. ~~ Seldom
c. ~~~~~~ Quite often

d. 
~~~L.. Yes , usual l y ~

_______
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Section II -— Nomenclature end Part s Location Trainers

Briefing

This type of training devi ce Is used to teach students to “learn and
locate objects or signals that are part of their work environment.”
Sometimes these trainers are called “Subject Matter Trainers .”

The nomenclature and name of equipment parts , end the names of tools
and test equipment , is taught during the first stage of learning . These
subjects may be taught in greater detail during later learning stages. A
variety of methods dna devices are used to accomplIsh this. The traditional
method Involves laying Out the items physicall y and having the students
rehearse the names . A second method involves using pictures or graphics
to show what the items look like. A thi rd method involves having the
Student learn nomenclatu re while they learn other aspects of their job.
For example, students can learn the names and locations of front oanel
control and displays while they learn operational checkout procedures.

The location of equipment parts, displays and controls can be taught
by using real equipment , equipment mock-ups , various fort’s of operating
and nonoperating cut-aways, and by the use of graphical materials , such as
pictures or drawings.

For most maintenance jobs ft is useful to learn a variety of factual
Information about the job context. This information need not be detailed
and ft probably doesn ’ t help the student learn to do his joo. However,
it does provide the student with an understanding of how his future job
contributes to the overall capability of a weapon system . This should
Increase the motivation and the job satisfaction of the student. Examples
of context information which can be provided to the student include:

a. Information about typical job site layouts , to ind uce the locati on
of work benc hes , parts bins , units await ing test, maint enanc e f i les, and
so on.

b. Information about typical field operations , to Include -where equlo-
tmnt Is used, what the site looks like , what the equi pment looks like in
operation, and so on.

c. Information about the duties , assignments ana orerogatives of
hi gher and lower echelon operators and maintenance personnel.

d. Information about the duties and job assIgnments of those persons
who will work In the unit to which the student eventually will be assigned.

e. General information on wear and tear of equioment In soecial
env i ronments , such as hot climates , sandy s i t ~a, art~ c s i te s , humid
cli mates, and so on.

/
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The research evidence shows that the use of graphical materials to
teach nomenclature is both effective and less cost ly then other methods .
When this approach is used the names of parts usually are placed under-
neath the picture or drawing of the part . Often , however , the names are
long and not easil y read or pronounced. This problem can be lessened
by providing an instructor to say the words or by furnishing an audio tape
to pronounce the words . The use of an audio tape reduces instruction
costs, especially -when it is used to provide a front-end nomenclature
learning module for each j Qb. That is , when the students fi rs t begin to
learn how to perform a new maintenance task , he studies audio—visual
material wn ich teaches him the name and the location of the parts which
he will encounter duri ng that task.

Most research evidence Indicates that job tontext informati on can be
taught effectively using a combinati on of graphics an~ verbal descripti ons.
The descriptions can be presented by auditory taoe. The graphics can show
the equipment , the space layout of the equipment, and so on. Flow charts
can be used to show how a particular maintenance action or job position
interacts wi th, other maintenance actions or job positions , and with each
operati onal and mission reauirements. Much , if not all of thi s type of
information , can be contained in self-instructional packages.

The M r  Force is considering the increased use of pro-packaged graphic
disp lays and audio tapes far teaching nomenclature, parts location and
job context information. This training would not be given in a single
session. Rather. tt would be given during severa l sessions as acoropriate
throughout a course. It would begin with an overview of the equipment and
its tactical setting. Panorami c views would be used to show the special
relationship between equipment parts and subsystems. Later portions of
the training would show smaller equipment parts. The purpose of thi s
training would be to prepare students so that when they fi rst worked
around trainers or the real equipment , they already would know a great
deal about the name and location of various Darts of the equipment.

This concludes the briefing. Please answer the following questions
then turn to Section III.
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Q—l When do you typically teach nomenclature of tools and equipmen t parts?

a. ~~~~~~~~ Before students start using the tools or working wi th the parts
b. .2.Z._. When students first start working with the tools and parts.
c. _~~~ Other? Describe briefly.

Q-~ What training devi ces do you use to teach nomenclature? (Check all
applicable answers.)

a. ,, ~~~~~~ , 
Training aids .

b. ,,~j,, 
Equicment parts.

c. 12_ Whole equi pment.
d. ~~~~ Mock-uos/s imulators .
e. .J_ Other

Q—3 When teaching nomenclature do you start with the bi g picture end work
down to the details, or follow another sequence?

a. ,~~ _ Go from bi g picture to little picture .
b. Go from details to the big picture.
c. Follcw no particular sequence.
d. ,_j~, Other. Describe briefly-

Q—4 ~fow do you show students 
where various parts of the equiorrent are lacatad?

a. ..IL. lse actual equipment.
b. ~~~ Use ~Zctua l ~quipment Trainer; equipment 

cut-away ; mock-ups-
C. ~~~~Use wal l charts , transparencies , sl ides.
d. J~~~~ Use labeled diagrams .
e. ~~~~~~~~ Other. Describe briefly.

Q-5 Would you use packaged mater ial to teach nomenclature and/or oarts
location inforrtation if it -were provided to you , or -would you orefer
to develop your own mater ial?

a. j~~ Yes , would use It ill or ~osz of :he time.
b. ~~~~ (es , would use it some of the time.
c. ~~~ ‘lo , would 3refer to develop my own i~ater ial

Comments:

1~~ IS PAGE iS ~EST ~UAL1T~ PBACTI~~.~~l

P~~~~ M OOFL I II SkiED TO DDQ _ ,. ... —

i
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~~ IS PAGE IS B~ST Q1J~~4~~~

J~~~OM COF~~ 
I~~~~ 1~IS~~~~~~ 

TO D~~C ....._. —

A

Q—6 To learn nomenclature, do you think that students need to touch and
feel real parts end tools in addition to seeing graphics about them?

a. .IQ._ Yes

— 
b. ~~~ Sometimes
c. ,.~~._ Mo

Conmtents:

Q—7 Do you feel that nomenclature should be learned in the j ob context ,
as the names of parts and tools are used , rather than in several
nomenclature oackages?

a. ..~~~L 
Yes

b. L~_, Somet mes
c. 

~ 
Mo

Comnents:

Q-8 Go you feel that parts location should be learned in the job cOntext , as
the names of oarts m d  tools are used , rather than in seve~al non-enclature/
parts location packages?

a. It_ Yes
b. 
~7_ 

Sometio~es
C. 

__
~_ Mo

Coirmients, if any:

Q—9 Do you feel that the location of eouio~ren~ ~isolays , controls , parts , etc.
do not need to oe spec ificall y le arned so long as there ar e ‘ai nte nance
i~anua ls wrnch contain c~iis infor~~t~cn in ~raohic “or-n ( locat ion d iagrams )?

a. __j Yes
b. j~~ POs~th1 y, Out rint sure .
C. 

~.LZ_. 
.10

Ccnrents , i f
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Section III -— Cue Discrimination Trainers

Briefing

A repairman must learn to detect the presence or absence of a wide
variety of cues, and must learn to discriminate between within and out-
of-tolerance conditions. A wide variety of training devices have been
used to support this learning. These devices teach students to recognize
the presence of and the meaning of visual cues , different sounds , the smell
of various fluids , how things should and should not feel , and so on.
Mostly, these trainers are used to support learning during the early part
of the second learning stage.

Maintenance personnel make heavy use of visual cues. For this reason
they often depend on graphic diso lays contained In job performance aids
and technical orders. Typically, students are taught to detect and to
distinguish between visual cues in the context of learning a particular
maintenance task. As a student learns the specific steps for ~ -naintenarceaction he learns also the visual cues wh~ch guide each step . A~. he learnsto per-form an operational check of eauioment, he learns to recognize withi n
tolerance condi tions. As he learns to perform preventive maintenance tasks,
he learns to recognize cues which Indicate that the equipment is aperating
properly. At the same time or later on , he is exposed to cues which indicate
out-of-tolerance condi tion~.

Maintenance personnel often have to identi fy and discriminate between
non-v isua l sti~nu7r. About 10 to 75 oercent of the cues used by maintenance
men are non-visual , auditory cues being the most common of these . Most
equipments make sounds when operating. Maintenance men mist learn to
recognize the sounds made by properly operating equipment and the sounds
caused by various types of ma l functions and equipment wear.

Things that people smell while performing ma i ntenance also are
imoortant. ~epairmen of electronic and electrical equloment need to be
able to recognize the smell of burning or overheated electrical insulation
or can~onents. Persons working around eouiorr.ent containing a fluid nay
need to recognize the distinctive order of leaking hydraulic fluid or
lubricating ~il or fuel.

For certain equipments it may be imoortant to learn tactile discrim-
Inati ons. For example, it may be imoor-tant to recogni ze that a fastene r
Is too loose or too tight. Tactile discriminations are difficu’t to learn
outside of the job context. For this reason it seems best to learn about
tactile cues In the context of learning a particular task. 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ . .. - - - - - - - - - -  -
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Research has shown that by using pre—packaged simulation students can
learn to recognize the presence of and to distinguish between visual cues.
This learning can occur within or out of the ~ob context , usuall y with
equal effectiveness.

Technical orders and job performance aids are used to provide the
repai rman with Information about the visual cues he should look for
while performing a particular task. tn additi on, job performance aids can
provide graphical material which shows what equloment should look like in
its normal condition. The repairman can use this information to determine
whether or not he nas repai red the equipment properly. This same informa-
tion can be contained in wall charts and other Inexpensive visual display
material. There seems to be no need to use three dimensional operating
mock-ups or simulators for the sole purpose of showing students what
various visual cues look like.

Considerable expenses —nay be Involved in developing a simulator which
provides the “vroom ’ of engine sounds. Rather than use high-priced
simulators , audio taoes can teach the names of sounds , and how to distinguish
between the sound of properly operating equipment and the Sounds caused by
various types of malfunctions.

Simulators can be developed which generate the odor of hydraulic fluid ,
various fuels , the smell of electrical fire, and so on. A much less
expensive and equally effective procedure is to teach the names of olfactory
cues through the use of containers of odors.

Please answe r the following questions then go on to Section IV of the
survey questionnaire .
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Q—l Describe briefly one or two training aids , devices and/or procedures
you use to teach Students to: - —

a. Detect or Identif y visual cues (meter readings , si gns of equipment
wear , si gns of unsafe condi tions , etc.)

b. Detect or identify various sounds found on the job (Sound of a
normal engine, sound of a loose engine valve , r-tc.)

c. Detect or identify various odors found on the job (smell of
burnt insu la t ion , leaking oil , etc.)

d. Recognize the feel of a properly torqued nut.

I
Q-2 Do you see any value in training students to recognize: -

a. Odors found on the job?

2) Probably helpful
3) Yes 

4
b . Sounds found on the job?

I)  No
2) Probably helpful
3) Yes

-4—  — — - 

-
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Q-3 Would you use auditory tapes in your classroom to teach the names of
job—related sounds, assuming that these tapes were provided to you?

a. ..YL NO
b. ~~~~~~~~ Probably would
c. .._~~~~ Yes

Comments, if any:

Q-4 Would you use containers of odors In your classroom to teach the names
of various job-related orders , assuming that these containers were
provided to you?

a. 
~~~~~ 

No
b. 

~~
_ Probably would

c. ~,~,j Yes

Comments, If any:

Q—5 Describe briefly how the following types of identification of conditions
(discrimination learning) Is provi ded for in your classroom.

a. Visual discrimination learning, especially the recognition of
differences between normal and out-of-tolerance conditions.

b. Audi tory discrimination , especially the distinction between norma l
and abnormal equipment soun ds.

c. Odor discrimination , especially the recognition of the difference
between norma l and abnormal equipment or job environment smells.

- 
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Q 6 DescrIbe briefly any training devices aids or procedures used to
show students

a. The result-s of a maintenande action on a piece of equipment.

b. What various equipment parts look like before and after a maintenance
action.

Q— 7 Do you see any value In providing students wi th graphics which show:

a. The results which maintenance actions have on equipment?

I )  .L~~Yes
2) .22... Possibly, not certain
3) ~~~~~o

If no, comment briefly.

b. Part location , end what parts look like before and after a
maintenance action (show the difference between a norma l part and
a faulty part)?

1) ..~~~L. Yes
2) J~~~ _ Possibl y, not certain
3)~~~~ No

If no, comment briefly.

Q—8 Maintenance personnel can learn the visual cues which distinguish between
norma l and abnorma l conditions. Also, these cues can be shown graphi cally
In Technical Orders. Can you see any reason why maintenance men should
memorize the di fference between good and bad equipment conditions when
they can readily fInd this Information in a well-constructed technical
Order? Co,iment brIefly.

a. ~~~~Mo, t cannot
b. 1~L..

Yes, (ca n
C. j uncertain at this time .

If yes , please comment briefl y.
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Section IV -- Part-Task Trainers

Briefing

Most maintenance trainers used by the Air Force can be called part-
task trainers . They are used to teach students how to perform particular
tasks, or how to maintain particular portions of a -weapon system. Most
part-task trai ners are used to support the second stage of learning,
although the more sophisti cated ones are used to support the third or
skills consolidation stage of learning.

Some portions of a task are easy to perform, other portions are
di fficult. It makes sense to orovide an acoroorlate amount of time to
learn each task. When a training device requires the student to perform
many different tasks In order to learn one of them there Is no easy way
to provide di fferent amounts of practi ce for different tasks. For this
reason the Air Force uses a wide variety of part-task trainers . In fact,
with a few exceptions , most trainers used by the A ir Force can be called
part-task trainers. These trainers can be very siir~ le , lIke soldering
kits , or they can be quite comolex like a flight engineer panel mock-up.
They can represent an entire equipment sub—system , a major component of
a sub—system , or onl y a sma ll section of a component. They are developed
and used whenever training personnel feel that students need special
training and practice on a portion of a task. Examples of part-task
trainers Include Electri c and Hydraulic System Trainers , Armament System
Maintenance Trainers, Fuel System Trainers , Power Plant Trainers, and so
on. Troubleshooting Logic Trainers are a special class of part-task
trainers and are covered separately in Part Ii of this questionnaire.

Most part-task trainers are used to support the second stage of learning.
They are used to teach students the relationship between controls and
displays . They can be used to teach the use of test equipment. Early In
the learning of ~ complex task they can be used to teach students to collec tand interpret cues In terms of what action snould be taken next. Often
they are used to teach procedures.

The general purpose of a part-task trainer Is to train students to
respond -wi thout error. Their responses need not be quick , or smooth, or
coordinated so long as they are errorless. During later learning stages
they learn to respond ski llfully. Put another way, the general purpose of
a part-task trainer is to prepare students to practice on more sophisticated
trainers and on real equipment. Keeping this purpose in mind, you can see
that part-task trainers don t need to be very real looking - In fact , the
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research evidence show s that low fidelity training aids and devices are
just as effective If not more so than high -fidelit y part-task trainers .
Th i s Is especiall y true for trainers, used to teach procedural sequences.
Here the research clearl y indicates that low—cost , low fidelity simulators
can be just as effective as high cost devices and real equipment. In
fact, most of these studies show that the effectiveness of a training device
depended more on how it is used during training than on how expensive or
real-looking it is.

It should be added , of course, that we are not suggesting that low
fidelity trainers can be used by themselves , to produce highly skilled
equipment operators or repairmen. Perhaps they can in some instances.

In general , however, there is overwhelming evidence that low—cost,
low fidelity part-task trainers can be used effectively to prepare students
to practice on higher-fidelity trainers . By taking this approach to the
use of training devi ces, maintenance courses can become more effective and
less expensive.

Will you now please answer the questions contained on the following
page.

________ _________________ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Q—l List the names of two or three part-task trainers used in your course.

Q—2 With respect to the part-task trainers available for your use:

a. What do you like most about them?

b. What do you dislike most about them?

Q—3 Would you make more use of part-task trainers if more of them were
made available to you? -

a. 1/ Yes
b. ~g Probably would
c. .L~_ No
d. ..._ó.. . Not certain

.Q-4 low extensively do you use part—task trainers In your Course?

a. 
~43 In less than 10% of the course ,

b. ..,... ~~~ ... In 10 to 20% of the course
c. ..j.. In 20 to 30% of the course
d. In 30 to 40% of the course
e. ..~~~~ . 

in 40 to 50% of the course
f. J In SO to 50% of the course
g. j In over 50% of the course

You have now completed thi s questionnaire. Please hand It In to the
survey a~ninistrator , then you may leave. Thank you very much for your
assi stance. -

_ _  
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Questionnaire A

SURVEY (IF INSTRUCTOR/TRAINI NG PERSONNEL OPINIONS
REGARDING USE OF LOW AND MEDIUM COST/FIDELITY

TRAINING DEVICES ANO SIMULATORS

PART Cl i

The purpose of this survey is to obtain ooinions aoout the Probable
use and effectiveness of vari ous categories of training devices wh i ch in
future years w il l be emoloyed more extensivel y to train ~ir Farce main -
tenanca personnel.

This survey questIonnaire covers three categories ~f trainers . These
categories are:

Troubleshooting Logic Trainers
Job Segment Trainers and Simulators

• Actual Equipment Trainers and Operational Zquipment

For each category of trainer a shcrt briefi ng has been provided.
This briefing material covers the purpose of the trainers , the resear~evidence relating to their effectiveness , and the ways in which trainers in
the category will be used in the future. After reading the briefing
material please answer the queStions which follow. Then move on to the next
section of the questionnaire.

When you have completed the Questionnaire you may leave.

On the line below would you please record the name of a maintenance
course with which you are very f a m i l i a r .  Then , answer 311 Questions with
respect to that course.

Nam, of ~eferenced Maintenance - curse

‘Part 11 was completed for 44 courses.

—- 

8)
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Section V -- Troubleshooting Logic Trainers

Briefing

‘~aintenancn men spend fi fty percent or more of their time troubleshootingeouipment. For this reason the Mr Force and the other Services have developed
a variety of training devices designed primari ly to teach troubleshooting skills.
Most of these trainers are designed to teach the logica l , conceptual aspect3 of
troubleshooti ng. They are used to teach students how to collect symp tom infor-
mati on , how to interoret cues , how to interore t disp lay readings , how to select
test points and interpret test point readings , and how to use all this informa-
tion to Isloata a ma l function to a Line Replaceab le Unit or to a replaceable
comoonent. Troubleshooting Logic Trainers are a type of oart.task trainer and
are used to sucoor~ the thi rd stage of learning.

The Air Force has a long history of supoor~ing the develcoment of logical
or conceDtual trouoleshooting trainers . Perhaps you are familiar wi th some of
the ones developed in the lgSIls and l960s. There were the E-” Fire Control
System Trainer , the TMAC -I and MAC-Ct Trainers , the SETS Trainers , the CAM or
Checkout and Maintenance Trainer , and the DC Electri city Trai ner. These train-
ers oresented ma l function symptcms , allowed students to simulate the manioela—
tion of controls and to ooserve changes In front panel displays , and allowed
the instructor to insert malfunct ions using an instructor console. In addition ,
most ~f them recorded student performance and provided some type of feedback to
the student.

Troubiashooti ng Logic Trainers may be systems specific or ceneral ourmose.
If they are des i çred to simulate a speci fi c system or subsystem , and cannot oe
easi l y modi fied to reoresent another system , then they are systems speci fic.
In contrast , a general purpose trainer can be rather easil y modified to
Simulate a variety of systems or subsystems . However , they cannot provide

p a hign fidelity simu lation øf equipment controls and. displays.

In recent years ~nany improvements have been made to general puroose simu-
1 ators . ~wo exairoles which you may already know about are the EC-I! and EC-)
procuced by the iducat ional Computer Corooration , and the Automated Electronic
Aaintenance Trainer ~evelooed by ~tinn. Moneywei l. Both of these trainers can be
used to teach the puroose of controls , the interpretati on of normal versus ma l-
function oPeration , the oer-formance of system self-checks or system check-out
procedures , and troubleshooting techniques. Both trainers , and especiall y the
EC- CI , have been used in a nuriter of research studies and field tests , and the
evidence is that they are a cost-effective oevice. These two trainers and simi-
lar ones produced by other manufacturers orobab ly will be used more and more as
their effectiveness becomes more widely known.

This comoletes the bri efi ng. Will you now please answer the ques ti ons in
Section I-~ and V-3 -~nich deal resoectivel y w i t h  systems soeci fic and general
puroosa troub l eshoot~ng logic trainers .

t 
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Section V-A -— Troubleshooting Logic Trainers: Systems Soecif~c

Q-l Describe briefly any systems specific troubleshooting trainers used in
your maintenance course.

Q-2 Would you prefer to teach troubleshooting technipues by:

a. ~j~jJsing Actual Equipment Trainers (AET):
b. ,..~~Using systmes specific troubleshooting logic trainers
c. j~~Uslng a mixture of systems specific troubleshooting logi c trainers and AE~d. 4jising TOs and lectures
e. c Other. Please describe.

f)_3 When teaching troubleshooti ng techniques , do you teach also how to use
Technical Orders?

a. .-t Mo
b. ,.jjes, sometimes
C. ,j,~ jes , all or most of the time

Coninents, if any:

Q-4 In your judgment , are Technical Orders oreoared in enough detail so
that trainees do not have to learn much about troubleshooting?

a.j~~~~o
b. Sometimes , but most ~Os still need more detai l
C. Yes, most TOs detailed enough to eli m i nate need for extensive

troubleshooti ng oractice during training .
d. ,.jOther. please describe.

I
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0—S In your opinion can systems specific Troubleshooting Logic Trainers be
used instead of real equipment or Actua l Equipment Trainers to teach
troubleshooting skills?

a. L~ ..Mo, all training should be conducted on AETs or real equipment
b. ...l jes, but most training still should be on real equipment or AETs.
c. ~~jes, but final stages of learning should occur using real equipment,
d. ..,.Ljes, don ’t need to use AETs or real equipment during training.

0-6 With respect to the systems speci fi c TroubleshootIng Logic Trainers
availab le for your use:

a. What do you like stoat about them? ~escr ibe ~riefl y.

b. What do you dislike most about them? Describe briefly.

0-7 Would you make more use of systems specifi c Troubleshooting Logic Trainers
if they were made available to you?

a.
b. ,~~~Pro b abl y would
c. No
d. Not certain

Coments, if any:

- 
- 
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Section V-B -— Troubleshooti ng Logic Trainers: General Pur:~ose Trainers

Q— l Are you familiar with any general purpose Troubleshooting Logic Trainers?

a. ~~j4ob. _.Zj4ot certain
— C.  j~_Yes

If yes , list their names , if known to you.

0—2 Do you emo l oy any genera l pu~oose Troubleshooting Logic Trainers in your
mel ntenance course?

a. ~~jesb. ~~~ Mo
C. — Not sure

If yes , describe briefly.

Q— 3 From what you kncw about systems speci fi c and genera l ourpose T ro ubie—
shooting Logi c trainers , wnich would you prefer to use?

a. ~?Systems speci fic trainers
b. ~~General Purpose trainersc. ~~~Can ’ t see that it makes any difference
d. jjleither one
e. Con t have enough information to make a ciu-i ce-
f. Other. Please describe.

Q—4 Wi th respect to the general purpose trainers available for your use:

L

a. What do you like most about them? Describe oriefl y.

b. What do you disli ke most about them? ~escri -~ briefl y.

!._-4_ 

85

~~~~~~~~~~~~~~~ ~~~i. ~ _-~~~~~~~~ -— ____ ~~~~~_



FIG 5~AD—A06h 692 KINTON INC ALEXANDRIA

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
LAS

~~~~~
D

D C S
AFHR! !7!7

3361 ?CO!t

Il k

____________ ____________ ____________ __________________________ ____________ ____________ ____________ __________________________ ____________________________________________________ I
_______ END I‘p 

______________ ______________________________ ______________ 
______________

U

_____ 
4 79__ Dot

II I
I I
I I

a



-

~~~~~~~~~~

________ 13.15 1112 2L ,_

— 112•O1•1 i~
___ L L

* 1I!~! m~1r~•



.-.- .. - - . .
~
.

I

~-5 ~lectronic equipment maintenance men nay spend 50 Percent or rore oftheir time troubleshooting equipment. During training , however, only
10 percent or less of a course is used to teach troubleshooting skills.
~f you were provided wi th all the specific or general purPose Trouble-
shooting Logic Trainers you wanted , plus one or two Actual ~quipmentTrainers , how much course time would you allocate to teaching trouble—
shooting logi c and skills?

~~
. ~~~~~~ 

than 10%
b. ~~j0 to 20%c. .~ L2O 

to 30%
d. .é....30 to 40%
e. ~~~40 to 50%
f .  
‘

over 50 ercent

86

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~



—

_ _ _ _ _ _ _ _ _Section VI -— Job Seqment Trainers and Sin~jla tors

8riefin~

In some Instances It Is not possible to practice on real equipment,
nor can operatIonal equipment be made available for training . In these
situations high— fidelity silPolators have to be used during training. Most
training devices of this type sin~j late an enti re weapons system or a major
segment of It , or sinaj late an enti re job . The work environment and working
conditions may be repl icas of the real operational situation. Examples of
these types of trainers are a flight trainer , an operitional mock—up of a
ship ’s bridge , and the control room of a missile complex . Trainers of this
type are used to provide practice on large segments of a job. They are
used to support the third stage of learning, especially the later portion
of that stage. They are used also to suoport the fourth stage of learning
when real equipment cannot be used for that purpose. This category of
trainer is used to support the fourth stage of learning. The student has
progressed to a level where his activi ties are fairl y automatic. He now needs
practice to make them m ore so. The trainers must bear a strong physical
resemblance to the real equipment to assure maxiiman transfer of training
to the real equipment. Most training devices of thi s type simolate an
entire weapon system.

There aren ’t many training situations where a complete job or a major
segment of It is represented by a si~malator. Mi ssile maintenance personnel
may be trained to troubleshooting using a full-scale mock-up of a control
room. The test sets used to test and troubleshoot aircraft line replaceable
units have been constructed In the forni Of partially operating mock-ups.
These dev Ices , when mated with a malfunction generator and student console ,
provide a simulation of a ma,jor portion of a job. The Automatic El ectronic
Maintenance Trainer produced by Honeywell is evoluting towa rds a job segment
trainer.

Now, please answer the questions that follow.
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Q—l Do you use job segment trainers or simulators In your maintenan ce course?

a. ~~ fio
b. .~~jlot surec. j Yes , for a few hours of training only
d. ....1. jes, used extensively
e. J_Other. Please explain

If yes, please briefly describe the type of trainer or simulator used.

Q—2 With reference to the use of job segment trainers and simulators :

a. What do you like most about such trainers and simulators?

b. What do you dislik e the most about such trainers and simulators?

c. Are there other training devices you would like to use in p lace
of job segment trainers and/or simulators?

l)~~~~ o
2)..L jes. Exp lain briefly.

Q— 3 Are there any tasks , skills or knowledges now taugnt through tne use of
job segment trainers or simulators which , in your judgment , could ~e
better taught by using other types of training devices? if your answer
is ‘yes ,” list some oi those tasks , skills or knowledges , end then list
the training device which you would like to use to teach it.

Illustration :

Interpretation of front panel displays -— troubleshooting trainer
Location of controls and parts -- actua l equipment trainer
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Section VT! -— Actual ~ouloment Trainers and ~)oerational Eauipment

8riefi ng

In most maintenance courses actual equipment is used for training when-
ever possible. In most instances this equipment Is no different from
operational equipment. Much of this equipment i s relativel y small and inex-
pensive and it probably would not be cost-effective to develop training simu-
lators to replace them. However, low cost graphical material can be used
ef ectlvely to teach nomenclature, parts location , ana equipment set-up and
ooeration of such equipment.

Many types of actual equipment trainers are large , costly to purchase
and maintain , and ray recuire special classroom condi tions such as air con-
di tioning, special power, reinforced floori ng , and so on. Many must be placed
on test stands . If real equiement is set up to be operati onal in a training
laboratory , it also must be placed in a special environment , provided with
soeclal power , and so on. In addi tion , it usually is noisy and possibly danger-
ous to work around.

As you already know , real equi pment and actual equipment trainers are not
designed for training. They may not be very rugged. Usuall y it is not easy
to Insert a variety of malfunctions Into them, and f t  nay be dangerous to do so.
Often ft  is di fficult for more than one student to work on the equipment. Often
It takes a long time to run through a sing e tr.’j bleshooting problem. Actua l
equipmen t trainers have no provision for providing feedback to the student or
for keeping track of his orogress. Finally, actual equipment trainers often are
inoperable because of malfunctions and lack of spare parts.

On the positive side , they do look like real equiPment. You would hope,
therefore , that whatever is learned on an actual equipment trainer will trans-
fer to the real equipment. Of course, the trainer may be , dnd often is,
obsolete .

For smaller pieces of equipment it undoubtedl y Is easier and perhaps
cheaper to purchase addi tional equipment for training than it is to design
and purchase a mock-up or simulator of the equipment. However , as the real
equipment gets larger and more expensive , It becomes more cost-effective to
replace them with a training device. During thi s session we have covered many
of the reasons why mock-ups and simulators, and low cost training devi ces should
be used Instead of real equipment.

In closing this briefing, let me repeat what we said earlier about real
equioment. We said that we are not against the use of real ecuipment for
training purposes , rather , we are ooposed to the overuse of expensive equip-
ment when low cost training devices and medium cost simulators can be effec-
tively used instead.

L 

this concludes the briefing. Would you now answer the following westlons .
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Q-l Co you use any large or very expensive Actual Equipment Trainers in
your Course?

a.~~~~ No
b. ~~~~~~ for a few hours of training only
C. J~ Yes , used extensivel y
d. — N o t sure
e. — O ther , please explain

Q-2 Wi th reference to the use of ¼tual ~puipment Trainers :

a. What do you like most about such trainers?

b. What do you dislike the most about such trai ners?

c. Are there other training devices you would like to use in ~l ace
of actual equipment trainers?

1) ~~~~o2) L2..jes. Please explain

Q-3 About how many hours per month do ~,‘ou use the actual equipment trainers
assi gned to your course?

a. / less than 20 hours .
b. j between 20 and 40 hours.
c. ....L. between 40 and 80 hours.
d. ~, between 81) and 120 hours.
e. ] between 120 and 160 hours.
f. 

~~, 
over 160 hours.

_ _ _ _  
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Q—4 Throughout this questionnai re we have suggested that a training program
should use a variety of both low—cost and higher cost training devices
and simulators to replace the use of operational equipment and Actual
Equipment Trainer. However, we said also that students should have an
opportunity , either during school , or on the job, to practice on opera-
tional equipment or at least on Actual Equipment Trainers and ,Job Segment
Trainers and Simulators. Cf this general plan is followed it will mean
cutting back on some, but not all, use of real equipment during training ,
and increas ing the use of both medi um—priced and low—cost training devi ces .
To what extent do you agree with this general approach?

a. / o T  don ’t agree w ith it at all
b. ...L_~ 

agree somewhat but am not full y convinced that it is a good Idea .
C. ~J~j  think agree and am willing to see the aooroach tried in

more courses .
d. I agre, quite fully but see s ome problems that need to be handled .
e. I am in ccmplete agreement with the approach.

Your convuents , if any , will be appreciated.

You have now comoleted this questionnaire. Thank you for your parti cipation .
Please feel free :o record any last coerents about this sur’,ey or the briefi ng
or questionnaire material .
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Appendix 8

SURV EY OF TRAINING EQUIPMENT PROBL!I
AREAS AND NEW SII4JLATOR REQUIREMENTS

FOR MAINTENANCE COURSES

Instructions. The purpose of this surv ey Is to ~dentlfy problem areaswhich relate to the use of training equipment for maintenance training.
A second purpose Is to Identify new training requirements for simulators.
On the line below would you please record the name of a maintenance
course with which you are very familiar. Then, answer all survey
questions with reference to that course.

Name of referenced course

- -
~~~~~~~~~~~~~~~ _ _ _ _  

_ _ _ _ _ _ _ _
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Questionnaire. B

Part!

TRA INING EQUIPMENT: MAJOR PROBLEM AREAS

I. In your opinion , has sufficient numbers of training equipment been
provided for this course?

a. _____ Mo b. 92 Yes c. ~~~~~~~~~~ Uncertain-

If “No”, please- provide- a brief Justification for your answer.

2. In your opinion , is the- training equipment provided for thi s course
adequate? That Is, can- ft be-used. effectively for training?

If “No , please provld..~ brief explanation for your answer.

3. Do: you. f1n~ that the- training equipment provided for this course Is-
often- non—avall aple’ That Is, do you often find, that you cannot use~the. equipment when you want to?

a JJL No b_ ~~~~ Yes c. J lincertain

If “Yes 1 describe briefly the reason(s) why the equipment is not available.

4. Has your use of course training- equipment been constrained because It
costs too much to use- the equipment?

a. ~~~~~~ b. 7 Yes c. ..L_ Uncertain
If “Yes ”, briefly describe- one or two instances where you have not been
able- to use. training equipment because of cost considerations.

5. Sometimes; training equipment can’ be made more effective- or easier to
use- by making modifications to It. Have•yo~ been constrained from
making or requesting modifications to any of the training equipment
provid ed for this course?
a. j~f Yes b. .~~ LNo c. ~~~,Uncertain
If “Yes ’, please provide one or two examples .
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TRAINING EQUIPMENT: MAJOR PRO8LEM AREAS (Cont.)

I 6. In. your Judgment, Is the training equipment provided for this course
rel iable- or does It break down a lot?

a. ~~~~~~~ It is rel iable

b. ,4~~~ No,. It breaks down- & lot

c. .37 About averagein reliability

d. ~~ Uncertain

7. In your-opinion , are. there critical training areas of this course which
are not properly supported by training equipment?

a. /(.‘ Yes b. Z~~..,No c. ~~~~Uncerta in

If “Yes” ,- please provide a brief Justification for your answer.

r

L 

_ _
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PART It

AET ~IND SIMULATOR REQUIREMENTS

Instructions

Assume that you are’ in the process of completely revising- your course and
now’ are looking at your training equipment requirements. Assume also that
you have- been- asked to pay special attention to your need fo” large,
expensive actual equipment trainers, those that might cost $100,000.00 or
more to purchase today. Based on these assumptions please proceed as
follows:

1. Go- through your POT page by page and identif y all of the actual equipment
trainers used wh ich probably cost at least S1OO.OOO~OO. (If the equipment
is sizeeble or’ co mplex it probably costs at least one—half million.)
List the-name’ of each AET (actual equipment trainer) at the top of one
of the columns provided on the attached “Actual Equipment Trainer DataSheet. ”

Z. For each’ l isted AET answer the questions contained in the left col ume
by checking one- of the four Yes-Mo Sub—column s under the name of the. AET.
Rough’ definitions, for each of the- four sub—co lumns are as follows :

‘Yes—I’ — Definitely Yes

“Yes—2.” Probably/Usually Yes
-, Probably/Usually Mo
— Definitely Not’.

3. If you- need more data sheets, they can be provided by the- person who isadministering this questionnaire,
4. Your course- may not use expensive actual equipment trainers. If you. think

none of the- trainers used in your course- cost $100,000.00 or more , check
below. Please.review.your POt carefully before making this check.

—- In my opinion my course does not use trainers which cost
S100,000.0O or more. 

- -
~~~~

-- - ---
~~~~~

- - - -  ---- - - -
~~~~~~
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Appendix C

DEVELOPMENT AND CONDUCT OF A SURVEY FOR DETERMINATION OF
THE REQUIREMENTS FOR AND POTENTIAL USES OF SIMULATION It~AIR FORCE TECHNICAL TRAINING

Contract F336l5-77-C-0O51

Project Briefing

Good morning, gentlemen. My name is 
_____________________ 

and I am an

educational psychologist emp l oyed by Kinton , Incorporated of Alexandria ,

Virginia. I am here today to tell you about a project Kinton is conductinc,

for the Air Force. This project is concerned with determining the require-

ments for and the potential uses of simulation in Air Force Technical Training,

and Is concerned specifically with the devices used to train maintenance

personnel. The project is sponsored by the Technical Training Division of the

Air Force Human Resources Laboratory located at Lowry AFB, Denver, Colorado,

The problem which led to the present study is that expensive training

devices often are employed when less expensive devices could serve as effec-

tive substitutes.

We all are well aware that training is a very expensive undertaking. In

addition to the salaries of training personnel , students and support personnel.

the cost of plant facilities , and a host of other cost categories, there is

the cost of purchasing and maintaining training dev ices , simulators and real

equipment used for training. In some instances, pilot training being the best

example, there seems to be no effective alternative to the use of expensive

simulators and real equipment. However , with respect to maintenance training,

there are alternatives. Since 1950 considerable research evidence has been

—L . - 
-
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accumulated which shows that real equipment, actual equipment trainers, and

expensive simulators and training devices often are used for training when

lower cost and fidelity devices would be equally effective.

The goal of this project Is to develop a simulation technology which can

be used by the Air Force Training Comand and by System Program Offices to

lesson problems associated with the high initial and recurring costs of many

training devices. The products of the project will allow the ATC and SPOs

to identi fy more readily those portions of training where low cost, low

fidelity training devices can be employed effectively.

There are a number of reasons why the evidence in favor of low cost

training devices is not applied more widely, Those responsible for the

instructional systems development of a course often do not have the specific

task analytic Info rmation needed to determine training device requirements.

Moreover , the guidance provided to course developers implies that, when In

doubt, you should select the most ‘real looking” training device you can

afford. In practice this means actual equipment trainers whenever possible ,

Furthermore, training device requirements and specifications usuall y are

developed by manufacturers of prime equipment who either are unaware of the

research evidence that points to the effectiveness of less expensive training

devices, or, they have reasons for promoting the use of trainers which look

and function like the real equipment.

To accomplish this project training personnel at TTCs and at selected

Air Force Bases wil l be surveyed to identify the current and potential use

of various types of training devices and simulators. Information will be

collected about their current and potential use In the classroom, for field

training, and for OJT; their reliability and mainta i nability ; their training

I
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effectiveness; their advantages and disadvantages as training devices ; and

their Initia l and recurring costs. ‘Concurrently, a second survey of

training personnel will be conducted to determine their reaction to the use

of various types of low cost, low fidelity training devices. Based on

research evidence, we will propose to groups of instructors recoirinendations

regarding the use of various types of low cost and fidelity devices, and

then will ask them to tell us if such devices would be effective in their

Courses.

As part of this project we wi ll , via a review of the research literature,

compile evidence for the effectiveness of low cost training devices and

simulators. Finally, the future need for various types of simulators and

training devices will be reviewed with interested agencies such as Head-

quarters, ATC: Headquarters , TAC ; Special Project Offices; and the Naval
Tralnthg and Equipment Center.

The products produced by this project will be as follows: we will

compile information on the usage and cost of selected training devices,

simulators , actual equipment trainers, and operational equipment used

primarily for training. We will compile Information on the planned-for use

of training devices In future programs such as those for the F-16. We will

compile factual evidence relating to the use of low and medium cost and

fidelity training devices and simulators. Fourthly. we will develop a simple

scheme for classifying training devices. And , lastly, we will develop

recommendations regarding the substitution of lower cost and fidelity

training devices for those of higher cost and fidelity.

— 
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As a result of this project we will be able to develop Improved guidance

for selecting training devices, guidance which should lead to a reduction in

the cost of purchasing and maintaining the Air Force’s vast inventory of

devices used for the training of maintenance personnel .

This concludes this briefing. Are there any questions?
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Appendix 0

QUESTIONNAIRE A

Answers to Open-Ended Response Questions

Part I, Section 3

Q-l Describe briefly one or two training aids, devices and/or procedures
you use to teach students to:

a. Detect or identify visua l cues (meter readings , signs of equipment
wear, signs of unsafe conditions, etc.).

25 1 .. use actua l equipment
use modified AET with fault insertion capability
use signal generators

13 .. use meter reader trainer, meters, oscilloscopes , cosrinon test
equipment

2 .. use gauges to check adjustments
5 .. use slides , pictures, diagrams, transparencies• 4 .. not taught/covered
2 .. use equipment trainer

use special test equipment/test set
4 .. use mechanical faults (broken pins, parts, components)

use ali gnment/adjustment trainer
class room di scuss ion

2 .. use TOs
2 .. use programed packages

use circuit boards

b. Detect or identify various sounds found on the job (sound of a
normal engine, sound of a loose enqine valve, etc.).

17 .. use actual equipment, Sound of components (motors, relays , etc.)
2 .. special test equipment (vapor detector, ultrasonic detector, etc.)
16 .. area not covered/area NA
2 .. use equipment trainer
2 .. discussion
1 .. use TOs

c. Detect or identify various odors found on the job (smell of burnt
insulation , l eak ing oi l , etc.).

use equipment trainer
2 .. use actual equipment , components

description , discussion
13 .. not taught

1 .. special test equipment

1Nuinber of respondents providing this or a similar answer
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d. Recognize the feel of a properly torqued nut.

15 .. use torque wrench
5 .. use actual equipment, remove and replace on AET
2 .. use torque trainer
12 .. not taught/NA

Q—5 Describe briefly how the following types of identification of
conditions (discrimination learning) is provided for in your
classroom.

a. Visual discrimination learning, especially the recognition of
differences between normal and out-of-tolerance conditions.

24 .. actual equipment trainers
15 .. test equipment/meters/measuring equipment
10 .. lOs
7 .. slides, pictures, diagrams, transparencies, training aids

programed packages
- .. equipment trainer

1 .. component inspection
discussIon/demonstrations

b. Auditory discrimination , especially the distinction between
normal and abnorma! equipment sounds.

21 .. actual equipment/take advantage of equipment malfunctions
2 .. trainers
4 .. discussion
18 .. not taught/MA

1 .. lOs
1 .. programmed packages

c. Odor discrimination , especially the recognition of the di fference
between normal and abnormal equipment or job environment smells

8 .. actual equipment when It malfunctIons (smell , etc.)
equipment trainer

3 .. di scuss ion
24 .. not taught/NA

smel l of chemicals
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0-6 Describe briefly any training devices , aids , or procedures used to
show students:

a. The results of a maintenanci action on a piece of equipment

29 .. actual equipment/operational check
3 .. test equipment/meters/meuurlng equipment
6 .. films, sl ides, transparencies , graphIcs
7 .. equipment trainer/mockup
4 .. not taught/NA

components from damaged equipment
2 .. TOs

programmed text

b. What various equipment parts look like before and after a
maintenance action

20 .. actual equipment
2 .. equipment parts/disassemble component
4 .. slides , transparencies, graphics
2 .. lOs
10 .. not taught/NA/no specific training
4 .. equipment trainer

0—8 Maintenance personnel can learn the visual cues which distinguish
between normal and abnormal conditions. Also , these cues can be
shown graphica fly in Technical Orders. Can you see any reason why
maintenance men should memorize the difference between good and bad
equipment condi tions when they can readil y find this information in
a well-constructed Technical Order?

6 .. should memorize major Indications
2 .. TOs contain errors
6 .. hard to use TO Information , have never seen a well constructed TO

13 .. TOs don ’t show both good and bad indications. Need for monitoring.
10 .. TOs can ’t cover everything; don ’t contain all visual cues
18 .. must follow lOs In some AFSCs; seldom used in some AFSCS
7 .. lOs don ’t Isolate fault to a specific Dart

103

• —b— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~ ‘--- L ItU4.~~~T - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-



- — -—~~~~~~~- - --- —~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~--- -- ——-~~~• - --

_ _ _ _Par t 1, SectIon 4

0-2 W ith respect to the part-task trainers avaIlable fo~ your us.:

a. Wha t do you like most aboUt them?

2 .. ease of accessibility
location of trainers

16 .. they are AE’Ts and Students can work on real equipment/realism/
can operate real equipment
relive actual equipment from possible damage
good for testing students
simulates actua l equ~ipm.ntcan Insert faults1 .. use actual components
training capacity

7 .. not applicable
1 .. only thi ng we have

b. What do you dislike most about them?

AET is dtmmly loaded
2 .. very noisy
3 .. A ETs too old/worn out/parts missing

can ’t get inside equipment
$ .. too much maintenance downtime/Jack spare parts
6 .. doesn ’t resemble actual equipment/unrealistic configuration
3 .. nothing
8 .. not applicable

doesn ’t use actual components
not operational
can ’t practice some tasks

I
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Part II , Section 5-A

0-6 With respect to the System Specific Troubleshooting Trainers available
for your use:

a. What do you like most abotit them?

3 .. use AEls
can show overal l system opera tion

2 .. can insert and remove faults
4 .. provides “hands on” training

easy to use
1 .. specific system Isolated from associated equipment
2 .. easy access to checkpoints as compared to AET/visib ility

bu i lds use student’ s confidence in troubles-hooting capability
good representation of end item

2 .. ea sy to demonstrate logic flow/good for demonstrations
can direct students to specific equipment parts and problems
saves wear and tear on equipment
can use in more than one course

b. What do you dislike most about them?

3 .. can ’t insert fault within stage/module/drawer; can ’t teach
troubleshooting
not enought fault insertion capability

2 .. ma l functions that are Inserted are unrealistic at times/readings
unreal i stic
time cons uming to use AET

3 .. doesn ’t show Interrelation between system components; can ’t
relate to complete system
takes up too much space
don ’t completely support course requirements

1 .. unreal istic
normal environment affects readings

Q-7 Would you make more use of Systems Specific Troubleshooting Logic Trainers
If they were made available to you?

a. Coninents accompanied by “yes” answer

AET downtime means that much training Inadequate or nonexistent
can use to show operations
wou l d use If they were configured
would use simulator If more versatile and provided better training
environment
OK if trainer can present “rea l world” situations
$ are preventing developmen~ of trainers which can be “bugged”
for troubleshooting training
would like a trainer for teaching the logic values of ICs

I .. could use more simulators of a similar type
general purpose trainers more practica l for 3—level training

1 .. would use if they were needed

105 4
- 

I
-~~~ —--—----- - -— - - --—-----—.----—.~~——-. ~~~~~~~~~~~~~~~~ - _ _

~~~~~ 
-



- - - -~ --~ -—-- - - - - ---—— ~~~~ - - ------ ~~~ -- — --—-~-- -

Q-7 (Cont ’d)

b. Comments accompanied by “no” answer

1 .. can ’t use to troubleshoot or show interconnections between
unit s
can only use AET or very h i—f l simulator

2 .. not practical for this course (meterolo gy )

Part II, Section S-B

0-4 With respect to the general purpose trainers available for your use:

a. What do you like most about them?

2 .. can show overall system operation, how system works togethersaves wear and tear on equipment
4 .. good for student motivation; good for apprentice training

don’t expose students to high voltage
need less time to teach theory

1 ., small , Inexpensiv e
allows for good instructor /student ratio

2 .. simplicity ; easy to insert faults
versatile

3 .. can apply training received to a wide variety of equipment
realistic

b. What do you dislike most about them?

not enought trainers per c lass
trainers too complicated

1 .. technical data too brief for trainer
2 .. icrd to get repair parts/high down time

trainers obsolete
can’t use In field environment
limited application
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Part U, Section 5—8

General Comments by Respondents

,. Si nce 3-level repairmen don ’t troubleshoot why bother to teach
this skill?

.. instructors would like to teach troubleshooting and change 3-level
course standards.

.. Students spend a lot of time on troubleshooting because they
don’t understand theory and how to appl y It.

Most troubleshooting training should occur during OJI where It
occurs in the job envlromnent

Would like to teach more troubleshooting but limited by ATC.

Regard measuring equipmen t courses , spend lot of time on
calibration but little time on troubleshooting.

Student has to know how equipment works before he can troub leshoot
it.

Part II, Section 6

Q-2 With reference to the use of job segment trainers and simulators :

a. What do you like most about such trainers and simulators?

2 .. tra ining equipment access ib le to more students/low instructor f
student ratio
low noise level

1 .. versati lity
2 .. good for teaching front panel controls and operational proc edures
6 .. low cost; cheapt to operate; low maintenance
3 .. allow for more realistic troubleshooting/fault Insertion

capabi lity
trainer specifically designed for training

1 .. can study specific systems (engines)
S ., shows actual operation/process on a minituri zed scale/can show

-~ more realist ic, complete system
prov ides some hands-on experience

1 .. easyto use
eliminates need for two different aircraft
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0-2 (Cont’d)

b. What do you dislike the most about such trainers and simulators?

poorly designed peripheral equipment
1 ,. lack of “hands on” experience

don’t support enough of course
2 .. troubleshooting capability not adequate for 5-level course

takes long time to get trainer configured when equipment
modifications occur
some trainers too complicated for 3-level students

2 .. doesn’t adequately simulate job conditions
can ’t troubleshoot inside LRUs
lack of information about trainers (poor TO for trainer?)

c. Are there other training devices you would like to use In place
of job segment trainers and/or simulators?

we use sl ides and pictures to show actual shelters (portable
radar shelter)
AETs with malfunction insertion authorization
Basic logic troubleshooting modules for electronics
need more field trips (civil engineering)
have to use actual equipment/can’t use simulation in this course
need an AET or operational equipment
table—top simulator or our flight simulator

Part TI, Section 7

0-2 WIth reference to the use of Actual Equipment Trainers:

a. What do you like most about such trainers?

24 .. realism/show actual configuration/get feel of real equipment
7 .. good for component location and Identification/high fidelity

need AETs to teach calibration
2 .. don’t have to explain difference between simulator/trainer and

equipment
can use system TOs

I .. use because no mock—ups or simulators ‘vallable
can fault isolate to a part rather tI -n -i to a component area

2 .. provides “hands on” experience
2 .. helps overcome student’ s fear of equipment
2 .. faults easy to Insert (faulty cards)/essy to - ~o teach students

students can learn to use BITE
equipment is durable

1 .. helps motivate students
can simulate Important operating conditions

1 .. Inexpensive

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _
_____________ -

1 £

Q-2 (Cont’d)

b. What do you dislike the most about such trainers?

have to dedicate classroom for particular blocks of instruction
3 ,. high operating costs

maintenance personnel from CMS cannot repair
1 ., permanently installed

high level of maIntenance and housekeeping tasks
2 .. high Initial costs

11 .. can ’t take wear and tear/unreliable/can’t get parts
travel and preparation time is high

3 .. only small number of students can be trained at one time
7 .. lack of fault Insertion/sImulation capability ; 1~ nited versatility
I .. tend to lose trainers to the field (if configured)

obsolete
1 .. too complicated for teaching theory and troubleshoot

limited application (doesn ’t cover much of course)
poor TOs

2 .. hard to provide feedback to students/not designed for training
1 .. high noise level
c. Are there other training devices you would like to use in place of

AETs?

extensive AV aids
tra iners to teach troubleshouting

3 .. high—fl simulators
need something but not sure what •

1 .. need an AET
need some part-task trainers
need some simple, general purpose trainers designed for training

1 .. a simulato,~ would allow for more troubleshooting prac ice and
student feedback
use simulators to reduce wear and tear/maintenance/operating costs,
provided that they were used along with AETs
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Appendix E

QUEST ION NAIRE A

Conenents Provided to Multiple-Option Questions

Many multiple-option questions contained an “other” response option. When
this was chosen the respondents provided coimnents to explain or justify
their selection of that option. In addition , many instructors provided
explanatory coninents to many multiple—option questions. All conanents which
seemed of interest are contained in this appendix. The alpha—numeric code
in ( ) after many comments identifies the respondent.

Part I, Section 1

Q-l A basic student fresh from the civilian world often enters the
automatic flight controls course thinking that an autopilot is
something that Is about to be invented . Demonstration of an actual
autopilot system In operation is usually a great motIvation for
those students. Fidelity is very Important In this sense.(C9)
Mixture of real equipment and training aids has to be the best. (C6)

Q-2 All demonstrations are on live equipment In laboratory setting. (Cl )
Q-3 No: Could not show Internal parts clearly.(Sll)

Some non-operating mock-ups are segmentized to be able to show
“Slack Box’ removal/replacement procedures. (18)

Two dimensional. Doesn ’t prove a “feel” for the devices. (1(15)
You cannot understand the unit operation . (C2)
Our students are involved in a self-paced set up and charts and

transparencies will not be feasible in thi s training
environment. (C8)

I do not feel charts and transparencies can effectively meet all
training objectives. Examples: using various motors or valves
disassembled you can show complete view of parts relationship. (d o)

Only to an extent. Transparencies and charts are limited in
operation and are not as flexible as acti ve components for
teaching R&R, Repair of subassemb lies , laws of physics at work
Inside components. (C9)

Q-4 Cannot substitute for real equipment due to continual change on aircraft
systems. (13)

In regards to a portion of the equipment, e.g., a subassembly or part
which has become defectlye, it would be more advantageous for
the student to see the actual insides of that piece or part. (1(9)

For theory, yes. For hands-on tasks such as alignments and trouble-
shooting, no. (Cl )

No: Internal working mechanism difficult to show in proper perspective.(C4)
No: Each student progresses at his own rate of speed and must use the

equipment at different times. Wall charts and transparencies
would not work. (CS)
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Q—5 Other: Use slides and transparencies In lieu of mockups and cutawayS
because we have found them to be less expensive, yet
effective. (S4)

Other: Great deal of course deals with hands-on requirements. Actual
key system equipment is used , and is effective (Telephone
equipment installer) (Cl2)

No: Now have real equipment. It would be less productive and more
expensive to procure simulators for that protion of course
where AETs are used. (11)

Other: AETs are also necessary for practical work In alignment and
troubleshooting. (L4)

No: This is a 5-level course In nuclear weapons. Students must be
qualified before operating equipment.. Devices other than
AETs would cause slower learning. (121 )

Other: In our course (nuclear weapons) only operational training equip-
ment constructed by AEC/AEDA contractors could be used to
effectively train students. Our course is primari ly a “hands—on ”
course. (125)

Mo: Realistic does not necessarily mean expensive. Maintenance of
equipment is , in itself , expensive; but poor teaching methods
will result in a poor maintainer , raising basic maintenance
costs. (1(15)

No: I feel that in traIning computer specialist actual hands-on
training on real equipment is more effective. (1(19)

Yes: For theory, yes. For hands-on tasks, such as alignment and
troubleshooting, no. (Cl )

Yes: We are already using charts, movies , etc. where most effective.(C4)
Yes: This applies only to knowledges. (C l)
Yes: Any training device is welcome if it can meet the training

objactives. (d o)
No: I don’t feel that wall charts , etc. can meet the training

objectives. Cost should not be the sole factor for determin-
ing which training device/aid to use. (d o)

Part I, Section 2

Q—l Other: Equipment parts are taught in the “sets” portion of the computer
course. (Kl9)

a. Self-paced course. Students read about equipment in PT or
pamphlets before actually working with equipment. (C6)

Q-2 Other: We use a combination of whole and disassembled equipment to
supplement PT5 and Illustrations. Whole equipment used
primarily for subsequent stages of learning, but has been
utilized quite often and with great effectiveness during
ear ly stages.

1 
_ _ _  
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Q—4 Other: TOs provide location diagrams for all equipment. (12)
Other: Pictures, diagrams incorporated Into programeed texts. (C6)
Other: Use video tapes to explain parts of equipment then students

use AETs.(C8)
Other: Don’t concentrate on ~equipment location. We use our trainers as

“A typical autopilot system.” not as a specific system.
Each aircraft the student works on will have a different
location for components, and each autopilot system has different
components. (C9)

Q—5 Yes: Most packaged material would only be a repeat of TO material.(Sl)
No: Systems change rapidly and test and handling equipment or pro-

cedures would be hard to follow if pre—packaged. (125)
No: We are using video tapes which we have developed and this works

quite well. (C8)
No: Feel that each course should develop their own training aids.

When this done, Instructor ideas considered for approval prior
to building aids. (d o)

Q—6 Yes: Pictures and drawings are only effective up to a point, than AETs
needed. (L4)

Sometimes: Often, graphics do not illustrate real parts or tools to theIr
fullest. (17)

Yes: In the case of special tools and equipment , in many Instances it
Is necessary to develop a “feel” for the tool or device in
order to understand complete its total function and
efficiency. (18)

No: Not If the learning is to a knowledge level only. (124)
Yes: f t is very hard to visua li ze location, size and proper pre-

cautions when using graphicS. (125)
No: I feel that it Is more effective for the student to see the actual

part than to see a graphic. That does not mean he has to
touch or feel it. (1(19)

No: Provided that more-realistic training is provided later.

Q—7 Sometimes: It should be done In combination with a nomenclature package
and job context. (Ll)

Yes: The language of the job Is what should be taught. Tech School
definitions for real job nomenclature don’t mix. (16)

Yes: Students learn easier and faster with actual equipment. (17)
Sometimes: Both. Many items that are used have shortened or “pet”

titles when used in the field, and ft could be hard to
associate the (proper) nomenclatare taught once the student
Is In the field. (115)

Yes: Nomenclautre has more meanin g if the student learns It while they
are learning about that piece of equIpment. (19)

Yes: The level of most of the students in the jet engine course cannot
learn from programmed packages by Itself. (C7)

Q—8 Sometimes: Prepackaged material may help but finalization of training
would require actual equipment. (14)
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Q-9 No: Some students can’t read.
No: Just because the Information is contained in a TO does not mean

It can ’t be taught çr that it shouldn ’t be. (12)
No: On many Items or test sets, troubleshooting indicators may not

be a part of normaT displays , and specific locations must be
known as troubleshootina tests must be accomplished during
an automatic, timed sequence.
Excessive delay in finding the Indicator could result in
Invalid information.
This Is true also for some weapons checkout procedures. (18)

No: Students do not need to memeorize the location of controls or
parts because it changes from one piece of equipment to the
next. Example is an 0-scope.
It is more important for a student to learn how a scope works
so its operation can be applied to any mode of the 0-scope
rather than learn where the controls are located on a given
model. (19)

No: Location of equipment displays , controls , parts , etc. are essential
to troubleshooting. They must be taught in order to produce
a good technician. (K19)

Yes: These items vary from aircraft to aircraft and we instruct all
AFCS system specialists. (C9)

Part I, Section 3

Q-3 Yes: Many sounds and odors in this career field would be helpfu l since
we work on engine, hydraulic and electrical equipment. (C5)

No: Rather use AFT so can relate sound to the cause. (16)

Q-4 Probably would. Has been done. However, in many cases the material used
for odor identification could be hazardous to health , particu-
larly in identifying leaking propellants. (18)

Q— 7a No: Would be difficult to familiarize student with waat effect main-
tenance actions would have without using AETs .(C l )

No: In electronics there is seldom a visua l cue present. Aside from
troubleshooting Indication , that can be used to discriminate
a good part from a bad part. (C9 )

Q-7b Yes: We have very few faulty parts to use in this respect. We do have
a few slides showing accident results and their cause. (125)

No: Why use pictures when actual equipment is available ? (Sb )
Yes : What defective electronic components look like is something we

could show via slides , actual components, etc. (Cl )
No: In this course a good part can have the same appearance as a bad

part . (1(23)
No: 90% of our parts are depot-level repair, not field-leve l repalr.(L7)
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Q—8 Yes: Good Information about visua l cues not contained In TOs (14)
Yes: People should have a “top of the mind” awareness of a concept

and not rely on a book. (L6)
Yes: I have never seen a truly well constructed TO. (1(5)
Yes: If the person does not recognize an abnormal condition he will

not refer to the TO. (5)
Yes: Should memorize major indications but not all IndicatIons. (1(9)
No: Most technicains will do a maintenance job according to the TO

when at all possible. It is a coverall. (1(22)
Yes: A normal indication can go abnormal more than one way. The

combination of bad indications cannot be fully simulated or
covered in a TO. YOu have to see it to believe It. (Cl )

Yes: Not all types of visua l cues are given In the TO. (C2)

Part 1, SectIon 4

Q-3 Probably would. In troubleshooting some of our modularized equipment,
defective modules , cards , chassis assemblies could be trouble—
shot on a bench with just the sub-unit connected. (Cl)

Q-4 Use in less than 10% of course. Part task trainers we have are not cost
effective. (124)

Part II~ Section 5-A

Q—2 Other: A combination of TOs for technicians of troubleshooting and AET~
for fault ~solation/clearance. (Sl8)b. System logic trainers are great but to Individuals who have not
seen the weapon system , whole-part-whole would be advantageous.(524)

a. Because I can ’t visualize a method of simulating equipment that
we have to maintain entirely (internal adjustments and repair).(Ll6)

Other: SImulator (Hi Fl duplicate of actual equipment).
Other: Simulator designed specifically for training purposes. Possible

also, a trainer for specific logic and solid-state malfunction
troubleshooting. A trainer to Include basic counters, flip-
flops, registers, etc. (Ll9) (Will make use of 6883)

Q—3 Yes: TOs are not written in a manner to aid a 3-level. You must know
the system to understand the TO in many cases.

Yes: Some TOs used contain troubleshooting flow charts , or specific areas
dealing with troubleshootIng. (1(11)

Yes: Maintenance training concept for this system Is entirely TO
oriented. (Cl5)
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Q-4 No: TO cannot cover evarything that can happen to a system. lOs are
good, but they have a way of leading an Individua l into a
false sense of security. Most people that use lOs regularly
forget how to think ,on their own. (S22)

No: TOs cover theory of operation, not correction factors and repair ,
unless technician has a deep theoretical physical background
(physical measurement and calibration course). (L2OA)

No: AGE equipment technical orders need more technical material pertain-
ing to theory of operation and definite maintenance procedures.

Sometimes: The complexity of the typical flight simulator makes detailed
troubleshooting procedures (description of?) unfeasible. (c27)

Other: lOs are written at too high a grade level for our students. (C30)

Q—5 Yes: logic trainers would be good, but hands—on training on actual
equipment is also needed in order to facilitate learning. (S24)

No: Using a high—fidelity duplicate would be OK. (117)
No: Could use Hi— Fl simulator with Inherent training advantages——

programmable faults. (Ll9)
No: For 5-level course should use AETs when possible. (1(14)
Yes: Students Should be required to apply their knowledge and skills

on the actual equipment. (ClB)
Yes: We can only train people in preparation for work on approximately

7 different flight simulators . (C28)

Q—7 No: Not presently used and cannot see the feasibility In this course.(Sl4)
No: See no way a simulator could substitute for the real thing ,

especiall y when checking individual drawers. (Sl7) (See COF
note under Sec. 7.)

Probably would: I am not sure if a trainer could be made to troubleshoot
telephone cables. (520 )

Probably would: The reason would be if only a better understanding of a
system or systems could be guaranteed from use by the students,
and only if the possiblity of TCTO changes could be incorporated.
We now have Class I trainers which are undated with the system.(S24)

Probably would: At present, down time of real equipment is such that a
lot of training is either Inadequate or nonexistent. (115)

Not certain: Would be gooo to show front panel controls and operation,
but couldn ’t be used to go Inside the units and troubleshoot
circuit cards and interconnections between the units of the
test station . (116)

No: Our course Is 13 years old. The equipment Is being removed from
the USAF Inventory . It Is no economical to make trainers at
this stage . (1(10)

Yes: However, they would have te provide a superior training envi ronment
compared to the actua l equipment In terms of versatility . (1(12)

Yes: Lack of money Is preventing engineering studies which would lead
to a supply 0f “bugged” equipment for training use.

Yes: We like what we have , but could use more of them for other systems
In the course. (Course uses part—task trainers). (C24)

Probably would: Systems specific equipment would be OK, but general type
trainers are more practical for apprentice level training.
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Part II. SectIon 5-8

Q-l Collins 7404a Sourc e Generator Is designed to checkout/monitor a
variety of Collins—de veloped equipment (digIta l co mputers).

Q—2 AD/DC circuit troubleshooting trainer al lows students to determine ~aulty
components and to determine corrective action. (Sl6)

Yes: Pump trainers and pipe trainers used to simulate malfunctions
(Environmental support specialty course). (521)

Yes: Use electrical troubleshooting trainers that are adaptable to any
electrical training course. (522)

Q—3 Would prefer to use systems specific trainers for equipment portion of
course and general purpose trainers for fundamentals of electronics.
(518)

Prefer to use system specific trainers assuming that frequent equipment
modifications can be incorporated into trainer. (115)

Other: Prefer to use real equipment of a Hi-Fl simulator. (117)
We use both types. One (583390) checks the system while in operation.

The 7404A Is for specific equipment checkout. (1(14)

Q-5 In our course (missile control coninunication system specialty) neither
specific or general purpose troubleshootIng logic trainers could
be used effectively. (517)

Over the years a constant or chronic complaint from milita ry Instructors
has been that 3-level people don’t do the troubleshooting. There-
fore It is senseless to attempt (to teach) troubleshooting tech-
nlques (In a 3—level course). I’m unsure of the validity of this
feel ing but It plays a part in selecting training objectives as
well as trainers. I’m wondering If increased use of troubleshooting
trainers were attempted what the outcome would be. (119)

Would like to teach troubleshooting as much as possible but ATC limits
on course lengths limits the time (provided for troubleshooting).

Part II, Section 6

Q-l Titan U power plant simulator simulates power plant found in the Titan
I! missile silos. Trainers used in advanced course. (516)

Will soon receive 6883 test-bench simulator. (Ill)
The AN/TSC-60 is a transportable shelter (coeinunication equipment). We

have the interior equipment expanded In the classroo (for ease
of access). (1(14)

Yes: In aircraft areas of 31601 an aircraft trainer Is used with
instructor panel that is used to simulate faults and operatIon.
All other areas use actual equipment for training. (C20)
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Part II, Section 7

Q-l Yes : What we have falls short of what we need. If we had or could
get an AET it would.be used extensively. (C22)

Q-4 “b” We are not convinced It would be feasible for our course-—missi le
control communications system specialty . (CDF Note. EB and EC
trainers have many similar cabinets and drawers. BITE used to
Isolate fault to a drawer or cable between cabinet. Test
bench used to check out drawer. Many redundant portions of
system could be simulated and a great reduction in cost and
space. Same also applies to autovon equipment). (Sl7)

“c” I don ’t really know how you could go about applying the use of low
cost simulators to a job In water (treatment plants ) that is
accomplished by mechanical and chemical means. (CDF trainers
consist of miniature water or sewage treatment plants. (S21)

“d” One problem area would be the modifications that take place on our
equIpment. Would we be able to keep up (with new configurations)?
(115)

“d’~ I am an advocate of hi-fl simulators to be used in the 32Sxlc. etc.
career field training at Lowry. These simulators (6883, e.g.,)
will be less costly, more reliable, and more realistic (due to
unlimited ma l functions that can be Inserted) than AETs.
Honeywell Is producing a prototype for us now that should prove
these points. We also have submitted requirements for four more
simulators for the F-UI, and simulators for the F-IS equipment.
(117)

“d” Essentially same comment as (117).
“a ” Trainers are not practical for this course (Precision Dimensional

and Optical Measuring Technician). The majority of this course
teaches certification (calibration of equipment) and alignment.

I
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Appendix F

QUESTIONNAIRE A, PART I I

General Conr~nts Offered by Respondents

K~l& Course 13 years old. Equipment being removed f rom AF Inventory.
Nor economical to replace with trainers.

K-ll Portions of course would be useless without AET. Need AET to
teach operation of a complete systun (scope control).

K-l2 Training equipment about to be replaced. Simulators of no value
therefore.

K-l3 Equipment will be phased out in a few years therefore simulators of
no value now

K-l4 Currently we use a mix of AET5, specific & general simulators, and
job segment trainers. Combination is excellent.

1—11 Would have liked a briefing on specific examples of simulators.
1-12 Students have difficulty relating training to equipment unless use an AET.

Difficult to teach troubleshooting when using an AET
Computer—based troubleshooting simulators could be adapted to
some of course

1-13 Should stress basic training, using basic troubleshooting trainers
for electronic circuits.

Use of AETs iireatiy l imits training versatility
1-14 DIfficult to use simulators for maintenance of precision measuring

equipment.
1-15 Have to work out procedures for undating trainers.
1-16 Can ’t use simulators to teach maintenance of precision measuring

equipment.
As an Instructor, I don ’t like conflict between trying to do
a good teaching job and ATCs desire to cut training cost.

1-17 1 am an advocate of simulators (Involved with 6883)
1-19 I an an advocate of simulators (Invol ved with 6883)

.. I question the use of OJT trainers
L-2Oa Need AET5 for teaching calibration/repair of precision measuring

instruments.
L-2Ob Dimensional and Optical repair can’t be duplicated using trainers.
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C-l2 Have to teach on real equipment for a S—level course.

C-l6 I am willing to use simulators if training satisfies user
requirements.

C-17 Current simulators cost more than actual equipment.

C-22 Would like simulators that can be reprogrammed for different types
of equipment.

C-27 Media mix (and simulation) concept lends itself well to our field
(digi tal flight simulation).

C-28 Media mix (and simulation) concept lends itself well to our field
(dIgital flight simulation).

C-29 Sometimes must use an AET because simulators can’t do the job.

S-l4 Would be too costly to simulate the telephone (AUTOVON?) exchange
equipment.

Student has to become accustomed to equipment noise and sounds
S—IS Basic helicopter course has no requirement for troubleshooting.

5—16 Substituting simulators for Installed equipment in an on—going course
does not seem cost-effective. Can see possibilities for future courses.

S-li Don’t see role of simulators In missile coruminication courses.
S-20 Easy to use actual cable trainers and troubleshooting test sets (in a

cable splicing course). They are rugged, easy to carry and to use.
5-21 Simulators not applicable to water treatment process.

S—23 AETs have been used for a long time and have proven their effective-
ness for training.

S-24 Need for helicopter trainers depends on course level .

1These are ID numbers of respondents. K~Kees 1er AFB ; 1~Lowry AFB;
C-Chanute AFB; and SaSheppard AFB

I
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Appendix 6

QUESTIONNAIRE B, PART I

General Comments Offe’red by Respondents

Sheppard AFB

S-2 Training equipment not up to date.
Training and operatIonal equipment does not have malfunction
Insertion capability.

5-12 Training equipment obsolete (telephone switchboards).
S-li Breakdowns seldom occur, but difficult to repair when they do occur.

Instructors have reviewed possibility of developing training
equipment with more faulty Insertion capability but discarded
notion because of costs.

S-l8 Training equipment Is adequate provided training load does not
increase.
Too costly to provide air conditioners to handle those occurrences
when buildingA/C can ’t handle load (Electronic switching systems).

5-19 Troubleshooting not effectively taught because not considered part
of 3—level training.

S-21 Some CE (civil engineer) simulators (e.g., water processing) should
be able to produce actual product.

5-22 No capability to traIn students on lithium bromide absorption system(A/ c course).
Lowry AFB

1-fl Need mockup of aircraft to support original maintenance.
L-l2 Teaching troubleshooting Is difficult due to high noise. Also, very

time consuming.
1-13 AETs lack capabilIty/versatility to teach troubleshooting.
1-15 Test stations and IRU5 malfunction rather frequently. When this

occurs students taught only theory as opposed to hands on practice
they are suppose to receive.

1-16 Have problems maintainIng equipment (Test. stations).
Can’t modIfy equipment for training (because It is class I trainer) .

1-17 High rate of training equipment breakdown (Test stations).
Test stations can be recalled by TAC.

1-19 Can’t Insert malfunctions In AGE trainers.
Can’t modify training equipment.
Can’t do certain things that might damage trainers.
High rate of down time awaiting maintenance and parts .

1-24 AETs cheaper and more effective (Avionic Sensor Systems).

f
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Keesler AFB

(-3 Course being revised. Some AETs being eliminated, others being
added.

K-5 Use AETs and not allowed to modify them.
Course being revised. Eventually will use TPS—43E BITE simulator
(see note #1).

K—6 AET5 will be replaced in early 80’s.
K-8 New AETs will be Introduced into course.
K—iD Equipment is to be replaced by minicomputer.
K-12 Equipment is inadequate due to nonavailability of parts.

K-l6 “RealIsm” does not necessarily mean “expensive” , especially if It
results In better learning which then leads to better equipment
maintenance.

K-19 Need AET to train computer maintenance specialist.
K-IS Training equipment repair Is a problem because It takes long tim, to

get parts.
K-16 Using a substitute radar for training because actua l equipment Is

too expensive.
K-l8 Need more equipment to handle student load (already have 18 AET5 - CDF).
K-l9 Equipment limited because used by more than one course.

When using AETs for training, all equipment modifications have to
be authorized.

K-23 Equipment Is not available for some course blocks because of hIgh
cost of equipment.

Chan ute AFS

C-l5 Have scheduling problems when equipment needed In tow or more classes.

C-16 AETs are subject to recall to the field , and you can ’t insert faults
into them.

C-22 Don’t have equipment needed to support training (DIgital navigatlon/
tactical training device specialty).
1-10 has never been configured In all systems needed for training.

C- 23 Missile trainers not appropriate for a 7—level course.
C-24 Can’t get parts for trainer.
C-26 Need more fault insertion capability.
C-27 Trainers old and breakS down; they can ’t be modified; they are too

expensive.
C-28 Same comments as C-27.
C-3D LimI ted fault insertion capability .

Downtime causes delays in training.
Trainers tog expensive.
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Notes

1 (K-S) This course Is being revised . Present course supports AD radars.
In future FAA will take over this training and Kees ler w ill train
and provide support for radars that operate in a tactica l mobile
environment. The TPS-43E radar Is scheduled to become the radar
for ACIW. Ke.sler will i~~lem,nt 3-level training on new rada r
course In April 1979. In the meanwhile, the present training
equipment will be used to teach a few students goind to AX.

There is a feasib ility stu4y currently under way to develop a
sImulator for training on the TPS-43E, and it is expected that the
simulator will be produced and used in place of the actual radar.

COF -.- simulator will represent the BITE for the TPS-43E. It amy
also allow for occurrence of some type of radar operator training
but that hasn ’t been decided yet.
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Appendix H

Procedures for Determining Simulation Potential for
Resident Training Equipment

Steps

1. DetermIne unit cost of RIE (Resident Training Equipment). Enter
Table XII—A and determine cost rank. Example: A unit cost of 267K
($267,000.00) equals a rank of 15. (For any two adjacent ranges in
Table XII-A the upper l Imit of the second range Is approximately 20%
above that for the first range.)

2. DetermIne number of hours of unscheduled maintenance performed on
RTE during a recent 12-month period. Enter Tab leX II-A and determine
the maintenance rank. Example: 63 hours of unscheduled maintenance
equa ls a rank of 7.

3. Determine sum of responses to the six parts of Question I , Part II,
Questionnaire B. Each of the six parts of Q— l addresses an issue
relating to the effectiveness of a RTE for supporting maintenance
training. For a highly effective trainer all six parts might be
answered by a “1” . For a highly ineffective trainer all parts might
be answered by a “3” or a “4”.

4. Determine response to Question 2, Part II, Questionnaire B. It
represents the number of RTEs available for training. The more RTEs
in current use the greater the potential for replacing one or more
of them with a simulator.

5. Determine response to Question 3, Part II, Questionnaire B. A re~sponse of “1” or “2” represents a desire for more AETs. A response of
“3” or “4” reflects a judgement that additional AET5 are either not
need ed or not wanted. Convert all 1 and 2 responses to a response of
“2” . Convert all 3 and 4 responses to “ 1” . If an Instructor wants
additional AETs this provides a possible opportunity for conv incing
him that simulators could be used instead of AETs.

6. DetermIne the response to parts a, b and c of Question 4, Part II,
Questionnaire B. The answers to Q-4 reflect the degree to which the
respondent is willing to accept simulators In addition to or as re-
placements for AET5. A strong rejection of simulators Is represented
by the response pattern “4-4—4”. A strong acceptance of simulators
Is represented by response patterns of “1-1-1” or “4-4-I”. Enter
Table XjI—B and determine the “simulation acceptance” rank for the
response pattern to Q-4. Example: A response pattern of “2-4—4”
has a simulation acceptance rank of 7.
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Appendix H

Steps

7. For any RTE, sum the ranks or numbers developed In accordance with the
preceding six steps. Illustration: For th. second listed RTE on
Table VIII the ranks and numbers are 9,7,12,2,1 ,11 for a total of 42.

8. Enter Table X I I—C and determine the “Simulation PotentIal” rank for the
RTE under analysis. Illustration: The sum “42” calculated in step
7 represents a simulation potential rank of 7 which also has been
defIned as the 5th simulation priority level. A simulation rank of 11
represents the 1st or highest sImulation prior ity level . Table IX of
this report contains RTEs which had a simulation potential rank of
1, 2, 3 or 4.
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Appendix H

Table XII-A. Definition of Ranks for RTE Unit Cost and Sum of
Unscheduled Maintenance Hours/Year

Rank

0 - 25 K dollars or man hrs. unsked inaint.’
2 26 - 30
3 31 - 36
4 37 - 43
5 44 - 52
6 53 - 62
7 63 - 74
8 75 - 89
9 9 0 - 1 0 7
10 108- 128

11 129-154
12 155 - 185
13 186 - 222
14 223 — 266
15 267 - 319
16 320 - 383
17 384 - 460
18 461 - 552
19 553 - 662
20 663 - 794

21 795 - 953
22 954 - 1144
23 1145 - 1373
24 1374 — 1648
25 1649 - 1978
26 1979 - 2374
27 2375 - 2849
28 2850 - 3419
29 3420 - 4103
30 4104 - 4924

31 4925 - 5909
32 5910 - 7091
33 7092 - 8509
34 8510 - 10211
35 10212 — 12053

‘The same scale and rank definIti ons are used for both “Initial cost” and
“amount of unscheduled maintenance ’ because the same range of numbers Is
required to cover the values obtained for both factors.
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Appendix H

Table XiI—8. Definition of Ranks for Question 4, Part III, Questionnaire B

“Simulation Acceptance ” Response Pattern
Rank to Q-4

1 4 - 4 - 4
2 3 - 4 - 4
3 4 — 3 — 4
4 4 - 4 - 3
5 3 — 3 - 4

6 3 - 3 - 3
7 2 - 4 - 4
8 2 - 3 - 4
9 4 - 2 - 4

10 2 - 2 - 4

11 2 — 2 — 3
12 4 - 1 - 4
13 1 — 4 - 4
14 2 — 1 - 3
15 1 - 2 - 3

16 3 - 3 - 2
17 2 — 1 — 2
18 1 - 1 - 4
19 1 — 1 - 3
20 2 — 2 — 2

21 1 — 1 — 2
22 4 - 4 - 2
23 4 — 4 - 1

Note: A blank response equals “4”.
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Appendix Ii

Table XII—C . Definition of “Simulation Potential” Ranks and “Simulation
Priority ” Leve l s

“Slmu 1~92n Range of Sum Simulation
R k  of Ranks Priority

and Numbers Level

1 0 - 15 11th Priority
2 16 - 18 10th PriorIty
3 19 - 23 9th PriorIty
4 24 - 28 8th Priority
5 29 - 34 7tfl Priority

6 35 - 41 6th Priority
5 42 - 49 5th PriorIty
4 50 - 59 4th Priority
3 60 - 71 3rd Priority
2 72 - 85 2nd Priority

11 86 - 102 1st Priority
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